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Sev^aIj of my frieods have complained to me tliat myi, 
vrritings^re so scattered that they have been unable to refer to 
them when they wished to do so. I have therefore collecied 
and reprinted them. At first, I intended to publisli them 
in two volumes, hut I found that they naturally fell into two 
series, the first containing chiefly the results of e.s'perimcntal 
research in the laboratory, atid the second those of clinical 
work. It is unsatisfactory to possess only one volume of a 
work, but one reader may be more interestial in c.vperirncn.tjil, 
and another in clinical work, and so each miglit wish to p’ossess 
the seiies dealing with the subject be desires. lu some 
instarices, the same paper appears in two languages, for I foimd 
on one occasion, at least, that the work described in an English 
paper had been ignored on the pretext that the writer had not 
access to the (Jerman original. One of the first things to 
strike a reader will bo the mimlter of papers with a joint 
authors) 'ip. One reason of this is that 1 like working with 
others who are interested in the same subject as myself, and 
thus have written conjointly with Dr. A B. IMcyer (now 
Director of the Royal Zoological Museum fit Dresden), Sir 
Joseph Fayrer, Mr. Henry J’ower, and Mr. D’Arcy Power. 

Two or three years after beginning to lecture ou Materia 
Medina and Therapeutics at St. Bartholomew’s Hospital, 1 tried 
to institute a pharmacological laboi-atory tlierc. The ^place 
• which I got for this purpose w'as about 12 feet by 6, and 
formerly had been used only for washing dishes and jars in 
the museum, but a table on one side served to hold the 
appai-atus, and I got some students to work there with me. 
One research was that of Mr. Walter Pye, on Casca, and the 
other that of Mr. Tait, on Nitro-glyeerine. The pulling down of 
this laboratory on account of the rebuilding of the Medical 
School prevented me from pursuing my plan of getting a number 
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of stiideuts to work, and before the new buildings were finished 
the claims of practice began to interfere witli ray experimental 
work. I soon Ibiind tlvit when a great part of three is 
taken up with hospital work, a very few consultations outside 
will inter fei’o seriously with laboratory work, for just when 
one has every thijig prepared for an olperiinent, one may have 
to fix a consultation, and all the preparations, whicli recftiiral 
many iiours to make, are rendered useless for the |ime, and 
have to bo done over again. In consequence of this diilk ulty I 
soon determined to folknv the plan of working at praetiee so as to 
obtain tlie nioney whicli would allow mo to pay such a salary to 
a younger man as would enable liim to devote his whole time to 
laboratory worlc. I planned tlie research arul expon-unents, 
provided the apparatus and material, defrayed all lalioratoiy 
expenses, and paid my assistant the salary which I was aide to 
ean^y my practice, and which at that periorl of Iris care*;‘r lie 
could not earn for himself. We then publLslied the restaireh 
under our joint names. This aiTangeinent 1 considm'cd a fair 
one for us both, as eac.di gave what the otlier liad not got, and 
we were then able to do tlu'. work whicli neitlier alone could 
liave done. I. ImA^e l:»eeu exceedingly fortunate in gojlting such 
able assistaiitvs as llie late Mr. Pye, Professor Weymoutli Peid, 
now of Dundee, Ih'ofessor Cash, of Aberdeen, Dr. Allen 
Macfadyen, of the Jenner Institute, jVIr. T. J. PokenliaTn, 
Dr. Eayner Batten, and Professor Tuunicliffe, now of Iving’s 
College 

I began to reprint these papers ten years ago, Messrs. 
Harrison having sent me the first proofs in 1896. The work 
has been interrupted by other occupations, and also by a 
seric^s illness lasting from the summer of 1902 to the 
autumn of 1903. In consequence of these interruption 
and the irregular way in which the work proceeded, various 
errata liave occurred, perhaps the most notable of which is the 
absence of the fifth lecture, On the Experimental Investigation 
of the Action of Medicines,” from its proper place, page 322, 
iind its relegation to the Appendix. With this exception, and that 
of the Harveian Oration, most of the papers are printed in the 
chronological ordey of the experiments they record, though not 
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always of their actual appearance in print. The Harveiain^ 
Oration has been placed first because the siiort history which 
it giv^s of the physiology and pharmacology of the circulation 
serves to some extent as an introduction to the other papers. 

The period over which the researclies described in tliese 
papers extends (18G5 Uh 188o) is an important one in the 
hist(»y of tli(^ pliarmacology of the circulation, for its beginning 
coincides with the first employment in this country of 
registering apparatus for tlie investigation of the action of 
drugs on the circulation, and lieforc its cud this inothorl was 
in regular use. After Iflake's experiments with a simple 
mercurial column in 1844, little or no work was done on tlio 
action of drugs until Tniuhe, in 1851,* iu\ ostigated the action 
of digitalis with one of Ludwig’s kymographs, and in 1805 to 
1866, Von Bezold did his classical researches on the actioji 
of atropine and vorairine.t 

When. I began ;iny experiments on digitalis in 1805, I 
belief there was no recording physiological instrument of any 
kind in use in this country, witli the exception of one or two 
of Marey’s sphygmographs, one of which was kindly lent to 
me by Dr. Artlnir Gamgee, and one kymograph wliieh llaialon 
Sa derson completed in May, 1865, but; wliicli was not 
described until 18674 Uuder the guidance of Dr. Gamgee 
1 made experiments on tin?. Idood pressure in animals under 
the influence of digitalis with, a simj,)le mercurial column, and 
on myself with the sphygmograph. The fac.lity which,! thus 
accpiired in using tlie instrument enabled me while acting as 
lion.se physician to utilize it in ascertaining the rise in blood 
pres.sure which occurred in angina [xxitoris in a ho.spital 
j»aticnt, and liy correlating the jiathological data thus ac<juii*ed 
jjdth the knowle<lge of the pharmacological action of nitrite 
of arnyl which Gamgee had obtained, I succeeded in discovering 
a remedy for angina pectoris. 

Tliis discovery may, I think, be fairly regarded as the first 

* Traube, Ckariie Annalen Zter Jalirg^ und Gemmmte. Beilrage^ voL i, 
pp. 190 and 274. 

t Von Bezold, WUrzhurger jphysioL Untersuchungen^ T and 11, 

X Burduu Sanderson, P//t7, Trans.^ 1867, p. 676. 
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complete example of rational tlierapoutics based on experi- 
mental pathologi cal and pliarmacological data. Mageiuiie’s 
application of stryclnv'\io in paralysis and Eraser aint'iVrgyll- 
Eobertson's use of Calal»ar bean for ophthalinological purposes 
preceded it, but, in both instances, wliilst the action of the drug 
employed was asccrtaiiuMl l)y experiment it was used to combat 
a syinj)tom and not a ddinite pathological condition wliiSh had 
also been ascertained by experiment. 

After a year in hospital I went to Vienna and worked for 
some months in Professra* Briioke’s laboratory on the action of 
digitalis upon muscle and nerve, but the exporiineiits 1 made 
were never })ublished, 1 then went to Berlin for a sliort time 
and took the opportunity of working with wliat I bclic^ve to 
have l)eeu the identical instnrmeut employed by Trail l>o in his 
researches. In my work on digitalis I fedt dee]»ly the want 
OT^ regi.stering hccmodjmamomcter {vide p. 52), but in spite 
of the want I obtained proofs that digitalis both inci'cascs tlie 
force of the lieart (p. 52) and causes contraction of the 
capillaries (pp. 55 and 5G). Traube^ asciibed the rise in blood 
pressure pi*oduced by digitalis entirely to changes in the a(?tion 
of tile lieart, and he left alterations in perijdieral lesistunco 
altogetiKU.' out of account, while tliey a}>pear(;!<i to mo to be 
a most important IVuitor. i was very anxious to obtain 
confinnatory evidence of my view that digitalis coiiluiets tlie 
])eri[)lie]’al vessels, and by means of the kym(>graphion I 
succec.ded, in conjunction witli A. B. Meyer, in obtaining this 
evidence and thus ostablislung the view of tlio aetioii of 
digitalis (p. 145) which is now almost universally accepted. 

From Berlin 1 went for a tour to Egypt, Syria, and the 
Soaih of Europe, and the next winter (1868 to 1869) I spent 
in Amsterdam, studying physiological chemistry with Professtjii 
Kuhne, a man of marvellous ability and far in advance of his 
time. The knowledge which I gained from him enabled me to 
write the section on Digestion and Sccj'etioii for Burdou 
SandersoiTs Handbook for the Physiological Laboratory. 

I then went to Leipzig, and was fortunate enough to be 
admitted by my beloved and venerated Master, Carl Ludwig, as 

* Traube, op, ciL 
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of tho first stiiilents in liis new Institute, in wlrieli Iio^ 
delivered his first lecture sliorlly after I went. At that tiino 
lie wif» busy furnishing his now laboi\tories and devising new 
instrurnonts for artificial respiration, for nioasuriiig blood 
pressure and tho speed of circulation, for artificial circulation 
in excised organs and Ibr interchange of gases. He started 
iiKi ^ research, having for its subject tlie independent 
contraction of arterioles and capillaries when separated from " 
nerve ceJitres. He liked to be present himself, and indeed to 
perform most of tho experiments on this subject, but in the 
intervals when lie was otherwise engaged 1 made some ex- 
periments on tlie efiect of nitrite of amyl and uiirito of soda. 
These were only intended as by-play, but the reseanili on 
contractility took so long that Ludwig thought it better to 
jmblish a ])aper on nitrite of amyl with only a general mention 
of the work on contractility in order to secure priority, 
intended to continue it after leaving his laboratory, but when 
]■ caitie to London my time was so much taken up with other 
tilings that it bccaiue impossible. 

In 1871 I began to write the Experimental Investigation 
of Medicines, with the intention of expanding it into a coinpleie 
text-hook on ''Experimental Pharnuicology/’ Before tlie part 
dealing with the circulation, however, had been finished, I 
accepted the late Sir John Burden Sanderson’s invitation 
to join him in writing a Handbook for tlie I'hysiological 
Laboratory to which I was to contribute the secl^ion on 
iJigestiun and Secretion. As I performed eveiy experiment 
mentioned in it and repeated several of them many times, the 
writing of this sliort section involved incessant work in the 
laboratory for moro than two years. As an exiim]*!e oi^his 
♦I may mention that the statement at jiage 84 of tho text-book 
“that pepsine, if absolutely pure, gives no xanthoprotein 
re-actioa” cost me many weeks’ work. In 187M and 1874 
I was engaged with Sir Joseph (then Dr.) Eayrer in examining 
the action of snake venom and with Dr. Smith on a report 
to the British Association on Intestinal Secretion. The 
ve-huilding of the school at St. Bartholomew’s Hospital caused 
an interruption in my laboratory work of nearly four years. 
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from 1876 to 1880, when I again re.sume<l it with tlie aiM of 
asf?istanco from Dr. Cash and others in the manner I have 
already mentioned. Kjorn this time on\A'ard the pi*e5snre bf 
other engagements has only permitted me to do most of my 
laboratory Avork by moans of assistants in the manner I have 
mentioned at the beginning of the i>rt3face. 

I am aware tliat for the majority of readers this prel'ac^e is 
too long and too personal, but they can easily pass it over, and 
some of those friends (whose desire to recod some of my old papers 
has led me to rr-pnblish them) may Ixj interested to know Avhy 
my experimenial Avork on the circulation has a2>parently been 
so fitful and so intormiltont. 
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(PoHverod before the Boral College of Pbysiciiiis on October 18, 1891.) 

Mil. rilKSlDEXT, L'EbLOWS, AJTD GENTLI'-MEN-, 

This annual meeting in memory of Harvey is usually associated 
witli feelings of pleasure and liappino.ss, for it was intended by 
its immortal founder to commemorate tlie benefactors of the 
College and to encourage good fellowsliip amongst us. 

Such eommeraoration of those who have lienotited the College 
in tlio past, altliough it necessarily recalls many who have 
passed away, is, notwithstanding, on onlinary occasions pleasant 
iTisteacl»of painfid, because, the feeling of loss through their 
death is completely overpowered by tlie recollection of the good 
tlioy have done in their lifetime. To-day the case is very diil’e- 
rent, for the first thought that must needs occur to every one 
present here is that on tliis <xjcasion last year our late President 
showed for the first time what seemed to be imperfect rulfilment 

his duty to the College by being late in his attendance at the 
meeting. Peiliapa nothing else could have sliown more clearly 
his deep conc(TU for the welfare of the College, and hi.s thorpngh 
devotion of every faculty of mind and body to its interesUs’than 
the fact that no duty, no pleasure, and no press of occupation 
could tempt him to leave one iota of Ids work in the College 
undone. The only tiling that did keep him hack was the harj^^ 
oj^l)eath, which, although at the last ineeting he and wo knew 
it not, was alre.ady laid upon him. Though his deatli was less 
happy than that of the great Harvey, inasmuch as he liugeted 
on for days instead of lionns after lie was first struck down, yet 
their deaths wore alike in this respect that, up to the time of 
the fatal attack, each was in the full possession of his facul- 
ties, each was in the enjoyment of his life. Like Eadcliffe and 
Mead, like Halford and Baillie, and like many other di?> 
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tinguishcd Fellows of this College, the greatness of Clark fg to 
be estiniiited not by thapublished Avorks whicli ho has left be-« 
hind, bnt by the inflimice he exerted on his conteniporaiies. 
For the very estimation in Avhich his professional skill was hold 
led to his whole time being taken up in giving advice, and pio- 
ventod him from having the leisure fo work out or record the 
results of the. ])athological and elinical observations wliicfT both 
his useful publications and his later career showed biin to bo 
specially fitted to make. I might say very much iTiore about 
1dm, but it has already been said much better than I could 
possibly do it by youi'self, Mr. President, in your annual ad- 
dre.s.s, and in the eloquent and heai t-stirring words wliich 5 mu 
addxes.sed to the College on the occasion of yoxir taking the 
pre-sidential chair rendered vacant by the death of Sir i'uidrew 
Clark. 

But while we are saddened hy the death of our late Presi- 
dont, we hope to be gladdened by the presence anioug.st us 
again of one whom wo all reverence not oidy as a formof Presi- 
dent of tins College, ]j\it as one of tlxe greatest leaders of elinical 
medieine in this century. Sir William Jenner. Like Harvey, 
Sir William .(euner is honoured by his College, by bis country, 
by his Sovereign, and by the world at large. In time of trial 
and danger the lives of the Koyal children wore conimitted to 
the keeping of Harvey by his King ; and to-day the care not; 
only of her own life, but of that of her nearest and dearest, is 
comittitted to Sir William Jenner by his Sovereign, in tlie full 
and well-grounded a.ssurauce that in no other hands could they 
be more safe. The great clinician. Graves, wished to have as 
his epitaph, " He fed fevers ” ; but Jenner lias advanced much 
'BK'ond Graves, and, by showing us how to feed the dill'orent kinds 
of fevers, has saved thousands of valuable lives. To-day tlijs 
College is acknowledging his right to rank with Sydenham, 
Heberclen, Bright and Garrod, by bestowing upon him tlie 
Moxon medal for clinical reseai*ch. In niiinbering Sir William 
amongst its medallists, the College honours itself as well as him, 
and in acknowledging the great services he has reinlered, it is, 
on this occasion, acting as the mouthpiece of tlie medical ixro- 
fession, not only in this country but in the world at largo. 



A HOTIOX AS IT WEUE IN A CIRCLE/' 

Jt M as with tlio wish to keep greeir the iviomory of tiio bene- 
factors of the College that this oration^ais instituted by Harvey, 
and noSat all witli the intention that it should be chivoted to 
his own jiraise. Ihit Harvey stands out so higli above all others, 
that it is only natural that in tlie numerous orations which have 
been yearly given before t^ie College of Physicians, the subject- 
jnatt^i’ should have been to a great extent confined to a eon- 
sideration of Harvey and liisworks. On looking over many of tlieso 
orations, I*lind that everything tliat I could vSay about Harvey, 
his person, his circumstances, his cliaracter, and his works, has 
already been said so fully and cloqucnUy that I could not add 
to it any further, nor could I hope to express it o^'on so \vell. I 
purpose, tluu’efore, to consider to-day some of tlie modern de- 
velopments of Harvey’s work, more especially in relation to the 
ticatment of di.s(?ases of the lieart and circulation. There is, 1 
think, a certain advantage in this also, inasimich as one is apt, 
hy considering Harvey's work only as he left it, to overlook the 
eiiorinolis extent to which it now irifiuenccs our thoughts ami 
actions and thus to comprehend its value very imperfectly. 

As he himself says, Fronv a small seed springs a mighty 
tree ; from tlic minute gemmule or apex of the acorn, how wide 
does the gnarled oak at length extend his arms, how loftily does 
lie lift liis branches to the sky, how deejply do liis roots strike 
Clown into the ground !”* 

blow very minute is the gcmmulo from whicli hfis sprung 
*everytliing that is definite in medictil science, for this gcm/nulo 
is no other than the idea which Harvey records in these 
simple M^ords : *M began to think whether there might not be 
A MOTION AS IT WKIUi: IN A CIRCLE.”t 

Out of this idea has groum all our knowdedge of the processes 
ofjiiuinan life in licalth and disease, of the signs and symptoms 
M liich indicate disease, of the mode of action of the drugs and 
nppliauces which we use, and the firoper means of employing 
them in the cure of disease. In the works that have come doMui 
to us we find that Harvey developed his idea physiologically in 
several directions. He discussed its apj)lication to the absorp- 

* The Works of William Zfanv^, Sydenham Society’s edition, p. 320. 
t p. 40, 
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tion and distribution of ’ nourishment through the body, 'l^.he 
mixing of Idood from vyioiis parts, the maintenance and distri- 
i>utiou of animal heat, and excretion through the IcidaeyS. How 
fur he developed it in t’ue direction of patliology and therapeu- 
tics we do not know, as the results of his labours on these sub- 
jects have, unfortuu.'itoly, been lost to us by the destruction of 
his manuscripts duiing the Civil War. 

We are ju’oud to reckon Harvey a.s an Englishman by birth, 
but he is far too gteat to belong exclusively to any country; 
men of various nations, and scattered all over the face of the 
earth, acknowledge him as their teacher, and have jrluyed, or 
are playing, a part in d<?vcl<)ping hi.s di.scovery in it.s various 
branclie.s of jtbysiology, pathology, pbannacology, semciology, and 
therapeutics, ilmcricans, Austrian.s, Dsines, Dutchmen, .French, 
(formaus, lialian.s, Norwegians, linssiaiis and Swedes ha,ve all 
sliared in the work, and so numerous are they tiiat it would be 
unpossible for me to name tbem ali. Stopluur Hales, liowever, 
<leserve.s special mention, for he was tlie first to measure the 
pj e-ssure of blood in the arterie.s, and the resistance offered to 
l!ie circulation of the Mood by the cajuilarics was investigated 
ity Tivomas Young, a Fellow of .this College, who ranks with 
Harvey, Newton, and Darwin as one of the greaiest scientific 
men that England has ever produced, and whose uridulatory 
tlioory has been as fertile of results in physics as_ Harvey’s idea* 
of circulation has beeu in physiology and medicine. 

Hirvey’s de.?ire that lJios(? who h.id done good work should* 
not be forgotten was founded upon Ids knowledge of mankind, 
and of the tendency there is to forget what has already bei'-U 
^ne by those who have goUie before us. The opposite condi- 
tion often prevails, and the past is glorified at the expense of 
the present. Hut sometimes the present is wrongly glorified«it 
the expense of the past, and past woric or past benefits are for- 
gotten. 

flood exam]>les of this are afforded by phy.si9logical views 
Tcgai'ding the action of the vena cava and pulmouary veins and 
the causation of the cardiac sounds. Harvey appears: to have 
thought that the vena cava and pulmonary veins were simply 
dilated passively by the passage of blood into them: but the 
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fa(it that they possess a power of lidepenikajt pulsation was 
hiTowii to Haller/ and was broiighty prominently forward by 
Senae,t^who re.eiards tlie vena cava as \lie starting point of the 
whole circulation. He says: “Tlie vena cava is therefore the 
first motor cause whieli dilates the cavities of tlio lieart ; it fills 
the auricles, and extends tluiir walls in ev.ery direction.” 

T^jse observations ap])ear to have, been almost forgotten 
until they were again ina<le. indcpeudeutly a few yeais ago/ 
and in on» of the latest and most accurate pliysiological treatises 
which now exist, the descriiaion of the cardiac cycle is neavl}^^ 
the same as that given by Senac. “A compluti! beat of the 
whole lieart, or cardiac c}'clc, may be observed to talv'e place as 
follows : — 

“ The great veins, inferior and superior vcme cavie and pul- 
monary veins are'so(ni, while full of blood, to contract in the 
neiglihourliood of tlie Jieart ; the contraction runs in a peri- 
staltic wave towards tlie auricles, increasing in intensity as it 
goes.’’-i 

The pulsatioii of these s'eiiis, liowever, cannot be a constant 
phenomenon, or it would have been noticed by such a keen 
observer as Hars'ey. 

The sounds of ilie lioart Were discovered by IlavA-ey, or at 
least were known to him, for he speaks of the sound caused in 
the a?s(>phagiis of tlie liorse by drinking, -and says: “In the 
same wjiy it is with each motion of the heart, when there is a 
delivery of blood from the veins of tlie arteries that ajmlse 
takes place, and can be heard within the chest.'’i| * 

This observation remained, as far as we know, Avithout any 
further development until the time of Laeniiee, avIio introduced 
the practice of auscultation ; but it avus a FcIIoav of this Colle<>», 
l)r. Wollaston/i who first discovered that muscles during con- 
traction give out a sound. Although many observations were 
made regarding cardiac inujinnrs by Corrigan, Bouillaud and 

♦ Haller, Klementa Ph^siolor/ue, 1757, tome 1, pp. 110 and 309. 

t Stniac, jQe la Struviitre du Cu-wr, livrc iv, ch. iii, p. 21. 

t ^roL\ itoy, Soc,, .1876, No. 172. 

§ M. Foster, Texi-hook of Physioloyii^ t>th editijii, p.art i, ch. iv, p. 231. 

11 The Works of William llarvMff bjdeuliam Sociolv’u edition, p, 32. 

IT Wollaston, ThiL Trans., 1810, p. 2. 
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f^iorry, it was cliielly by ffellows of this College, Dr. Clendin- 
iiing. Dr. C. J, B. Willr.ins, and Dr. Todd, tliat the quesfion 
was finally settled, and/ tl^e conclusions at which tliex, arrived 
are tiioso now acceptetl as correct, viz., that “the first or systolic 
sound is essentially caused by the sudden and forcible tightening 
of the muscular fibres of the ventricl(J when they contract; and 
that the Sficoml sound \vhicli acconquinies the diastole the 
ventri(de depends solely on the reaction of l!ie arterial coluiuus 
of })!ood in the soniiluvuir valves at the arterial orifict^!;.”* 

Yet in recent discussions regarding the origin of cardiac 
sounds, little mention lias been made of tlie work of this com- 
mil toe; and, indeed, I first learned of its value fi’om a German 
source, viz. : ^Vagner’s Ilnndwurterljucli (hr Phyniologie, 

The importance of ilieso observaXions in the diagnosis of 
heart disoase it would be liard to over-estiinatc. But diagnosis 
aloise is not the aim of the pln'siciau, wJiose objtict must be to 
pre\ent, to cure, or to control disease. A knowhidgo of physi- 
ology ]ijay greatly help us to prevent disease, not ouly«.of the 
heart and vessels, but of every member of the body. The con- 
trol and cure of disease may also be offecteti by diet and 
regimen, but it is nndoul}tedly in many cases greatly assisted 
by the use of drugs, and is sometimes jmj>os.siblc witliout them. 
Harvey knew tliat drugs applied externally are absorbed and 
act on tlio body,! so that colocyntli thus apj>lied wdll purge,, 
and cantharidcs will excite the urine; but the action of drugs 
wlieu^ injected into the blood appears to have been tried 
first hy Cliristoplier Wren, better known as the arcliitect of 
St. PauTs than as a jiliannacologist. According to Bishoi) 
Spratt, “ he was the first author (►£ the nolilc experiment of in- 
;^'tiiig lifjuors into the veins of animals, an experiment now 
vulgarly known, but long since exhibited to the meelings 
Oxford, arui thence carried by some Germans, am.l published 
abroad. By this operation divers creatures >vere immediately 
purged, vomited, intoxicated, killed, or revived, according to 
the quality of the liquor injected, Hezice arose many new 

♦ Bopovt of Columitteo coimsting of C. J. B. Williame, R, B. Todd, and 
John Clondiiiningj, llriL Assoo. Rep. for 1836, ]>. lo5. 

t The Works of fFiUiam Harvey ^ Bydoqbam Society’s edition, p. 72^ 
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oxjTeriments, and chiefly that of trnlsaisiiig bloo<l, whicli the 
Society lias ])roscnled in siuuhy instViices, that will piviluiblT 
cad in ffcxlraonJiuary success/'^ 

The laethod originated b}' Wren, of injecting drags into the 
ciTciilaLion, was sldl fully utilised by Magendio for the purpose 
of localising the particultir part of the body upon wliich the 
(Iriigj? exerted their action, and he thus concdusively proved 
that th(i syiuptoins produced by strycdiniue were due to its 
elb'ct on tiui spinal cord. Jlis experiments showed that tlui 
rate of ahsorptiou froin various parts of the body varied 
ciiorniously, and, tlirough the tea<djing of (diristison, led to the 
introduction into jiractice by I)r. Alexander Wood of tliat nio?t 
useful aid to modern therapeutics, the hypodermic syringe. 

Tlie llrst cpuintitative experiments on the cllcct <d‘ drugs 
npoii tite circulation were made, to the best of my knowledge, 
by James ibake in 1814, iii the laboratory of University 
College, at the suggestion of the late Urofessor Shavpey, with tlie 
hmnuK^y nanmincter of roiseuillc, which had then been recently 
intnuhiced. 

In spt^aking about the work of lUake and Sliarpev, who are 
botli dear!, Clio rerpiircs to use tlie greatest care not to unduly 
detract from the n](3rit of one by ascribing more to the other; 
but tliose who knew rroF. Sliai pey's enormous range of know- 
‘ ledge, Ids readiness to pul it all at the disposal of others, a.nd 
the iniluence he exerted over all who came in contact with 
him, as well as his unseltishuess in mailing no claim whatever 
to what was justly his due, will at once recognise how greatly 
Blake was indebted to SJiarpcy. More especially is this ilxo 
case when w'e consider that, although the credit for the (>l)scrva- 
tioiis themselves belongs to I>lake, yet after the impetus wliiv/ff 
filiarjxiy gave him had passe-d away, he did very little more 
during the course of a long life. It seems all the more neces- 
ssary to commemorate Sharpey on tins occasion, because he has 
left compriratively few writings behind liim, and anyone who 
should judge by them alone of his influence upon physiological 
progress in this country would grievously under-ostimate it. 

The JliHort/ of the Hoyal Sociefy of London for the Improriny of Natural 
^ noudedye^ by T, Spralt, late Lord liuiiop of KocUcster. 
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For Sharjiey was ahovcI-aU a teacher, and his work Was 
wi'itten not with pen aii^ ink on paper or parclnnent, biit was 
engraved upon the heiiTts and minds of his pu})ils mid his 
friends. Upon two of these, especially, lias Sharpey's mantle 
fallen, and to Burdon Sanderson and Michael Urisler we owe a 
revival of experimental physiology iu^this country, a revival of 
the method whicli Harvey not only used in making his §reat 
discovery, but also eniploycd to demonstrate tin:: truth of it to 
the rulers of this lami. By their writings, l.y tlieir ItHitures, by 
their original exjierinients, by their demonstrations, and by the 
puj)ils they have trained, Burdon Sanderson and Ali<.*liael Foster, 
under the auspices of Acland and llumpluy, have dilfused 
amongst the medical men of this country a knowledge of 
physiology so extensive and exact as could only be found, l^efoi e 
their time, amongst tliose who liad made a spoeied study of tlie 
subject. Yet irion^ than to them, more than to anyone else 
since the time of Harvey, do we owe our ]:>iescnt knowledge of 
the circulation to Carl Ludwig. He it is ^vho first eiuibtcil the 
pressure of blood in the arteries to i;0(:;(>rd its own variathuis 
automatically, so that alterations could be noticed and measured 
which were too rapid or too slight to he dett»cted by the eye. 
To him, also, we owe the plan of artificial circulation by wliieli 
the changes in the functions of the organs ami in the v(?sscjs 
whiclx supply tliem can be observed, quite apart from the heart, 
lungs, or from the nervous system. 

Lil^e »Sharj>ey, Ludwig is a g!’(?at teacher, and, like the great 
architects of ilio Middle Ages, who built the wonderful 
cathedrals whieh all admire, but whose builder's name no man 
knows, Ludwig lias, been content to sink his own name in his 
anxiety for the progress of his work, and in his desire to aid 
his pupils. The researches wljich have appeared under the%si 
pupils' names liave been in many insinnees, perhaps in most, 
not only suggesttal by Ludwig, but carried out experimentally 
with his own hands, and the paper wlii(;h recorded tlie 
results finally written by liimself. In the papers which have 
appeared under his pupils* names we find their obligation 
to the master recorded in such terms as *■ unter Mitwirkung. " 
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Bat no cue, except t^iose who hav| \v(.)rked with him, caft 
uHclerstaud what such “ co-operation ’’Yueaiit. 

Tlie ^I’aphic nietliod introduced hyfmdwig for the purpose 
of measuring the hlood pressure, was adapted by Volkinan tO' 
tlui registration of tlie pulse in man, and the same method has 
been inodiiied and rendci^d iiKne easily applicable at tlie bed- 
side ♦»>' Maroy and CliMUveau, to whom we chielly owe our know- 
ledge of the modilieations in the form of the apexdieut and of 
tlio pidscif curve. It is to ludwig and his scholars, however, 
that we owe ilie gicater part of our kmiwledge of the uie'chanism 
of the circuhitiom and of the varying distribiitiou of the blood 
in various parts of the body. 

The ellect of (nnoti(m upon the heart was caicfully noted by 
Harvey, who says : “ For ev(ay ailection of mind which is 
attended u illi |)ain or [/leasure, ltO]>e or iear is tlie cause of an 
agitation v/hose inllueuce exteml.s to tlu? lieart.'*'’ 

Xot only was Harvey well accpiainted witli the fact that tluj- 
heats «f the heart vary very nuich in strength and rate, Imt Ijo 
alsolaiew tlmt the eirculatiou in various parts oi the l)o(jy may 
he veiy dilleient at one aiul the same time, lie says: “It is 
inanifest that the l)lood in its course does not everywheni pass 
with tlie same celerity, neither with the same hu'ce in all 
places, and at all times, hut. that it varies greatly according to 
ago, sex, teiJiperameiit, liabit of body, and other contingent 
circum.stances, exlernal as W(.*ll as iiiternal, natural, or nou- 
natural. 'For itdoi;s not course ilirough intricate ami u!xstructe<l 
passages with tlie same icadiuess that it does through sJraiglit, 
unimpeded, and pervious channels. Neither does it run 
Uirougli close, hard and crowded parts witli the same velocity 
as through spongy, soft and permeable tissae.s. Neitl?jjii}r 
0do(3s it How with such swittness wl.en the impulse (of the 
heart) is slow and weak, as w^ilcll this is forcible and frequent, 
in which case the blood is driven onwards with vigour, and in 
iajge quantity.’’ 

** And wdiat, indeed, is more deserving of attention than the 
fact that in almost every affection, appetite, hope, or fear, our 

** TKq JVorl's of William Raruy^ Sydenham Society’s edition, p. 70. 
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Iffxly suffers, the countenafice cliauges, and the blood appears to 
course hither and tlutluiiY In anger the eyes are fiery and the 
l)U[>ils contracted ; in /lodesty the checks are suffusg^J with 
blushes; in fear, and under a souse of infamy and of shame, 
the face is pale, but tlie ears burn as if for the evil they Jieard 
or w'erc to iioar ; in ]ust,'lio\v (piicdvlytis the ineinbor distended 
w’itli blooil and orectiMl.”* 

Harvey's great contemporary, ]\lilton, tboTigli so violently 
opposed to Ijijii in politics, WTuild certainly not i*eniain in 
ignorance of Harvey’s work, and be has noted the clianges in 
tlio colour of the face produced by emotions. In dc.scrilung the 
behaviour of Satan on his journey from Hell to Paradise, lie 
says 

“ Tlii^s wliile lie sjjalfe, oaoli passioi) cliviimM Ids i'aco, 

Tlirieo changi'd Avith piik% ire, envy, and despair j 
AVliich inarv’d Ins borrow’d visage.” f 

But although these facts were knon ii to Harvey so long ago, 
it is only in comparatively recent years that tlio mecluinism by 
W'hich they are brought about has been investigated, a.nd it is 
only within tbe last decade that pliysiologists ha^'e begun 
regularly to believe that tluj caidiac muscle has a power of 
liiythmic pulsation independent of its nerves, although Jrarvey 
had not e<l that wdien the heart was cut into small piocos the 
fragments would still cojitinue to jml.sate.J We may fairly, 
indcied. compare the movements of the lieart, as rt^garded by 
physiologists of the present day, to those of a horse wdiicdi is 
capable of going iiide])eiule.ntly, although its pace may be slowed 
or accelerated by the reins or spur of the rider. Tlie powder of 
the ^'agus to act as a rein to the heart, and slow its inoveineiits 
or stop them altogether, w\as first noted by Edward and Ernest 
Ttfeinrieli Weber, wddle the effect that it sometimes has of 
accelerating instead of slowing, like the effect of shaking th# 
reins of tlie horse, was observed by Sohiff, Moleschott and 
Lister, and the transmission of excitation from one chamber to 
another was experimented on by Paget. 

* The WorXe of William Uartey, Sycienbam Society’s edition, pp, 128-^ 
129. 

t JTaradise LoH^ by Job u Milton, book iv. 

t The WorAs of WUUam Jlarve^, Sydenham Society’s edition, p. 2S. 
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The accelerating nerves of the lieait, and the position of the 
nerve-centre from wliich they siting, wore more thoroughly in- 
vcstigat^id hy voii Bezold,*' while the power of tlm vagus to 
weaken as well as slow the heart was observed by Gaskell. Tlfe 
position of the cardiac centre, wlrich, like tlic rider, regulates 
tiio inovemonts of the l!eart, was located in the medulla 
oblongata chieHy by Ludwig and his scholars. Like the heart, 
the vessels are regulated in diameter by the nervous system in 
iccordance witli the wants of the body generally ; and the effect 
upon the vaso-inotor nerves which, when cut, allow lliom to 
dilate, and, when stimulMtod, cause them to (Mmtraet, was dis- 
covereAl hy J Bernard, .l»rown-Sequard and by our count ryniaii, 
'W^allor; wliile the power of otlier nerves to cause immediate 
dilatation was discovered by Bernard, Eekhardt, and Ludwig iu 
the siilmiaxillary glands, penis and piuiplieral \(*.ssels respec- 

tively.t 

The lioart, wlnm cut out of the body, still continues to boat, 
alLliougli removed completely from the inlliionco of the ceiiti’al 
nervous syst(3m, and tlui vessels have a somewhat similar power 
of iude];)eiidont contractility. The alterations produced in. the 
circulation, generally and locally, by the contractile power of 
the vessels, and llie changes caused iu the vevssels by tlie central 
nervous system, by peripheral stimulation of the nerves, or hy 
variations in ilie (|iiality of the blood, have formed the subject 
of a series of researches extending over many years ; and 
though originated, and iji nuiny cases eiitirely conducted hy 
Ludwig, liave appeared to a great extent under the names bf his 
pupils. The starting-point of these investigations was an exami- 
nation of the changes in blood as it flowed tlirougli isolated 
organs, Avith tlie view of ascertaining in what manner tlie convi 
l^istion by which the animal heat is n:aintained, is effected iu 
the body. Wliilo keeping up the circulation of blood through 
tlie vessels of muscles severed from the body, Ludwig and 
SczelkowJ observed variations in the flow Avliicli appeared to 

* You Bezold, Xlntersuchungen uler die Jujif'i'vafion des Herzens, 1863. 

Boipiig ; Engejinami. 

t Ludwig and .Bninlon, Ludwig's ArheUen, Yierior Jalirgaug, 18G0, p. 106. 

I Ludwig and Sc/.elkovv, lienle and Pjeuffers Zeiisehrijt, 1SC3, vol. 17, 

P' 106, and vicife p, 12J. 
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indicAfce contractile poifier iti tne vessels thoinselves. This 
research was earned o» under Ludwig’s direction l»y varfotis, 
of his scholars in succession, Alexander Schmidt^ Dogiei^ 
J§adleT, myself, Hafiz, Lepine, A, Mosso, vou Frey, and Guskellj' 
Their oltservations, as well as those of Colmheim and Giiuuiiig, 
have slipwn that the muscular fibres^of the arterioles, not only 
in the muscles but throughout the body generally, have afbwer 
of independent, and sometimes rhythmical, contraction and 
relaxation. Tiieir contractility is, liowever, controlled by the 
central nervous system in accordance with the ■wants of the 
body generally. For the amount of blood contained in the 
body is insufticiont to fill the whole of the vascular sj’stein'at 
once ; and when the vessels are fully dilated, as they are after 
death, we find that nearly the whole of tluj blood of the t)ody 
may he contained in the veins aloiio. It is, therefore, neces- 
sary that \vh(;n one part of the body is receiving a larger supply 
of blood, another should be receiving a smaller supply ; and 
the functions of the vaso-motor centres have Inaui w(.41 com- 
pared by Ludwig to the turncocks in a great city, who cut off 
the water su])ply fi-om one district at tlie same time they turn 
it on to another. Thus it is timt wlien the brain is active the 
feet may get cold, and .M'ossc luis shown this in an exceedingly 
neat luanmir by placing a man on a huge board delicately 
balanced at its centre, and demonstrating that wlicaever the^ 
man begins to think, tlie increased supply of blood to his 
braii\ causes the head to go doAvu and tiie heels to rise up; A 
similar condition was indicated by Mayow, who gave a different 
explanation. He said that the “ vital spirits ” wei’e not able to be 
in more than one place at once, and therefore it happens that if 
% man eats a heavy meal he is apt to become drow.sy, because iho 
“ vital spirit.s” descend from the brain to the stomach in ordgP 
to carry on digestion ; and, on the other hand, if a man thinks 
vigorously after dinner, the “ vital sjjirits ” ha\ e to leave the 
stomach to go to the brain, and conseciuently digestion is im- 
perfectly performed. If we substitute the word blood for 
vital spirits,” we have an exact expression of present physio- 
logical, ideas. 
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yii stinudus ibi afflimcs is an old llocitrine and expresses a 
►great truth. Wherever tlie need for i\creased noiuislnnent or 
increased supply of oxygen exists in the healthy body, thither 
does the blood How in larger quantities than usual. If the 
glands are active, their blood su]qdy is greatly increased, as was 
ishown by Bernard, and a similar occurrence takes place in the con- 
tractmg muscle, as has been sliown by Ludwig and his scholars. 
The vessels of the intestines and skin, as well as their numerous 
glands, have their calibre regulated by the vaso-inotor nerves 
which proceed from tlie centre in the rnodulla ol>]ongata. This 
centre acts most readily upon tlie vessels of tlie intestine, and 
rather less readily on those of the skin. In consequence of 
this, when the centre is irricatcd, tlie vessels of tlie intestine 
contract and drive tlie blood through the skin, so that it is 
warmer than bid'ore, and it is only when tlie stimulation is very 
<m‘at that (lie vessels of both contract, so tliat tlie skin receives 
less bloi^d tliiiii normal, and becomes colder than befoi’e. But 
ii* tlie\ess(ds of the skin and intestine arc botli contracted, 
where do(‘S tlie blood go ? This question was put by Ludwig, 
and answered by the experiments which he made witli Hafiz. 
It is oviihjiil; that if the heart be stopped while the blood 
pressure is hoiiig measured in the artery of an animal, the 
pressure will fall regularly and steailily, because the Idood is 
llowing out all the time through the arterioles and capillaries 
into the veins. One would naturally expect that if the arterioles 
were contracted by irritation of the vaso-motor cerifre jn the 
ineclulla, tlie fall of blood preojsure would eitlier not take ])lace 
at all, or would be very much slower tlian before ; but on Irving 
the cxpm’iinent, Ludwig and Hafiz found, to theii* surprise, that 
the blood yiressure fell almost as quickly as when tlie vasd^ 
♦notor centre was left alone, and the vessels of the skin and 
intestine therefore remained uncojitractcd. In oilier words, the 
vessels wliicli supply the muscles of the body and limbs are 
capable of such extension tliat when fully dilated they will 
allow the arterial blood to pour through tliem alone nearly as 
quickly as it Usually does througli the vessels of tlie skin, intes- 
tine and muscles together. This observation, it seems to me, 
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one of the greatest filportance, and one that has har,dly 
received, as yet, the attention which it merits. One conseriuencg < 
of it is obvious-T-viZi, that contraction of the cutaiieouif vessels, 
such as occurs U}X)n ex])03ure to cold, will drive more blood 
through the muscles, and as oxidation goes on more rapidly 
in them tlie result will be increased production of Jieat. 

Tlie pxperimonts I have just mentioned show that the \^sscls 
of the muscles are not controlled by tho vaso-motor centre in 
the medulla oblongata in the same way as tliose of the intestine 
and shin. How fa i* their vascular centres maybe associated 
■ivith those for voluntary movements, wbicli have been so 
admirably localised liy Ferrier in the cerebral cortex, still 
remains to be made out. The circulation through tiie muscles 
is indeed a complex phenomenou, and it was sliown by Ludwig 
and Smller to depend upon at least two factors having an 
antagonistic action. When a muscle is thrown into action, it 
mechanically compresses the blood vessels w’itliin it, and thus 
tends to lessen the circulation through it, but at tho saute time 
the stimulus which i.s sent down through the motor nerve ami 
calls it into action, brings about a dilatation of the vascular 
walls, and thus increases the circulation tlirough the muscle. 

When tho amount of blood is measured before, during and 
after stimulation of the motor nerve, it is sometimes found 
that the iiow is dimini.shed, at otlicre that it is increased. This 
difference depends upon the comparativ'O effect of the mechani- 
cal copipression of the ve.ssels of the muscles just mentioned, 
and uJ)on tliC inerea.se of their lumen by the dilatation of 
their walls. It invariably happens, however, that after the 
muscle has ceased to act, the flow of blood through the muscle 
is^ increased. This increase is quite independent of any altera- 
tion in the general pressxire of blood in the arteries, and ii 
occurs wiien an artificial stream of blood, under constant pres- 
sure, is sent throiigli the muscle. The dilatation in the muscular 
vessels, as indicated by the increased flow of blood, and cou- 
sbquent change of colour in the frog’s tongue, was observed by 
H^pine after stimulation of tlie pteripheral ends of the hypo- 
glossal and glossopharyngeal nerves,* and the actual changes 
• jti-beiteUf 5tor Jalirg., X870, p. 114. 
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in the vessels tiieinselves were obsorvey microscopically by vdii 
and Gaskell.* 

The dilatation of inasctilar vesseb on irritation of peripheral 
nerves was tlms brought iuto a line with the dilatation noticed 
in the vessels of the siibraaxillary gland by Bernard, and in the, 
corpora cavernosa by Ecklfardt, It is evident that alteration in 
the sftie of such a huge vascular tract as the muscular arteries 
must influence, to a great extent, the blood pressure iu the 
arteries genierally. lb is equally evident that tlio changes 
induced in the condition of the blood pressure by muscular 
action may be of two kinds, either a rise or a fall. If the arte- 
rioles are compressed by the muscles so that the flow through 
them is impeded, the general blood x>ressure will rise. When 
this effect is more tlian counteracted by the dilatation of the 
arterioles themselves under nervous influence, the general blood 
pressure will fall, for the blood will lind an easy passage from 
the arteries into the veins throngh the muscles. We can thus 
see how readily a rise or fall in the general blood pressure may 
be induced by exercise of tlic muscles. If they contract suddenly 
or violently tliey will tend to compress the arterioles, and raise 
the blood prossiu’c, wliilst if they contract gently their contrac- 
tion will have little ellect iu compressing the arterioles, and 
these, becoming dilated, will allow tlie blood pressure to fall. 

But there is still anotlier factor which m.ay tend to increase 
the blood pressure during severe muscular exertion, viz., a 
quickened pulse, for stimulation of the nerve fibres p^ssiii" 
from the musclos to the central nervous system greatly a*ccelo- 
rates the beats of the heart. In this respect stimulation of the 
muscular nerves differs from tliat of the cutaneous and visceral 
nerves, inasrnucli as the latter tend rather to slow than to" 
^icken the pulse. This peculiar effect of the muscular nerves 
upon the heart would, indeed, appear to he a provision of nature 
for the purpose of maintaining an exceedingly active circttla- 
tion during the active calls upon nutrition which violent exer- 
tions entail. Muscular exercise, therefore, lias a special tendency 
to raise the blood pressure in the arterial system, and conse- 

• Ton Frey, Ludwig’* Arbeitm, liter Jaljrg., 187f>, lOOj and Q-asktll, 
tii’A, p. 79} aud Uee/ra/i.y. df’e lied. TF'i'ee., 187C, p. 69?. 
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^iiently to increaise the iesistauco which the left ventricle haa 
to overcome. Moreovey, in the case of the intestinal vessels,* 
there is a special provision made for preventing lheir»contrac- 
tiou from causing too great a rise of arterial pressure. This 
consists in the dcfiressor nerve, wliich passes from the heart and 
tends to produce dilatation of the abdominal vessels, and thus 
to prevent any undue pressure occurring within the heart from 
their excessive contraction. But in the case of the muscles, we 
have no such nenm. Its place seems to he taken by the dilating 
fibres which occur in the motor nerves. As I have ah’eadvsaid, 
liowe\'eiv their power to dilate the m\iscuhir vessels may be at 
first more tlum counteracted by mechanical compression at the 
commencement of exertion. Thus the blood pressure in the 
arteries, and the re.sistance which it opposes to tlie contraction 
and emptying of tlie ventricle, may l>c nndnly increased at first 
by any effort, especially if it he sudden or severe. 

As a general rule, the distension of iuiy liollow muscular 
organ is attended with great pain. How great is the j^lfei'ing 
wlien obstruction of the bowel prevents evacuation of its con- 
tents ; or when calculi, in their passage down the gall duct or 
ureters, forcibly distend tlieir walls. One of the severest tor- 
tures of the middle ages was to distend the stomach with water, 
and the Emperor Tibeiius could imagine no more awful punish- 
ineiit for those whom he hated than to make tlieni drink wine,' 
and, at the same time, by means of a ligature, to prevent the 
clistepded bladder from emptying itself. The he.art is no 
exception to this rule, and distension of its cavities brings on 
most acute physical suffering. Its inability to empty itself is a 
question of relative, and not of absolute power; for a strong 
Htieart may be unable to work only against enormously increased 
resistance in the peripheral arterioles, while a heart, wcaken|^ 
hy degeneration, may be, unable to empty itself in face of 
pressure little, if at all, above the normal. 

When the contractile poorer of the heart is not, as it is in 
health, considerably in excess of the resistance opposed to it in 
the vessels, but is only nearly equal to it, a slight increase in the 
resistance may greatly interiere wdth the power of the heart to 
empty itself, and bring on pain varying in amount from slight 
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uneasiness to the most intense agony in angina ‘pectoris. This” 
is, Avhat wo find, for a heart whose nutrition has been 

Veakened l)y disease of its arteries, and consequent imperfect 
supply of blood to the cardiac muscle, is unable to meet any 
increased resistance if this should be offered to it, and pain is at 
once felt. In such cases, ;lnless they be far advanc^ed, we find, 
precisejly as we might expect, that walking on the level usually 
causes no pain, but the attempt to ascend even a slight rise, by 
which, the muscles are brought into more active exertion, brings 
on pain at once. Yet here again wc find, as we should expect, 
that if tlie patient is able to conliinie walking, tlie pain i»asses 
olf and does not return. These phenomena would bo iiiexpiic- 
iil)lo were it not for Ludwig’s observations on circulation tlirougli 
the muscles, but in the light of these observa.tioiis everything 
is made porfecitly intelligible. Walking on the fiat, l.\y causing 
no violent exertion of tlie nmsclos, produces no mecbauical con- 
strict ioti of the vessels, and thus does not increase the blood 
pi‘os.sure. The greater exertion of walking up a hill has tliis 
cITec:-, but if tlie patient is able to continue his exertions, tlie 
increased dilatation of the vessels — a consequemre of muscular 
activity — allows the pressure again to fall and relieves the pain. 

.iV.s muscular exertion continues and the vessels of the muscles 
become dilated, the flow of blood from tlie arteries into the veins 
will tend to become much more rapid than usual. Tlie pressure 
ill the arterial system will conse(|uently fall, but tliat iu the 
veins wdll become increased, and unless a corresponding dilata- 
lion occurs in the pulmonary circulation, blood will tend* to 
accumulate in the right side of the lieart, the riglit ventricle 
will be unable to empty itself conijdetely, shortness of breath 
will arise, and even death may occur. At first the right side of 
the heart is affected, and the apex beat disap[)eaVvS from its 
nnUrial place and is felt in the epigastrium. Jlut the left 
ventricle also becomes dilated, though whether this is simply 
through nervous iiilluence tending to make it act concordantly 
wdth the right, or for some other reason, it is at present 
hapossible to say. Severe exertions, even for a few minutes, 
produce this condition in healthy persons,* and wdieu the 
* Schott, V^'crliandl. do ix. Congresses in Med, zu Wien, ISCO. 
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axertion is over-continued it may lead to permanent mischief, 
More especially is this t/io case in young growing boys, and it 
is not merely foolish, it is wicked to insist upon boys j^ngaging" 
in games or contests which demand a long-continued over- 
exertion of the heart, such as enforced races and paper-chases 
extending over several miles. IntAmittent exertion, either of 
a single mu.sclo or of a group of muscles, or of the wholf body,, 
appears to lead to better nutrition and increased strength and 
liypertrophy, but over-exertion, especially if continuous, leads to 
impaired nutrition, weakness and atrophy. If we watch tlie 
movements of young animals, we find that they are often rapid, 
but fitful, irregular and varied in character, instead of being 
steady, regular and uniform. They are the movements of the 
butterfly, and not of the bee. The varied plays of childhood, 
the gambols of the lamb, and the- frisking of the colt, are all 
well adapted to increase tiie strength of the body without doing 
it any injury ; but if the colt, instead of being allowed to frisk 
at its own free will, is put in harness, or ridden in jaces, the 
energy which ought to have gone to growth is used up by the 
Work, its nutrition is aireeteil, its powers diminished, and its life 
is shortened. Tlie rule.s which have been arrived at by the 
breeders of horses ought to he carefully considered by the 
teachers of schools, and by the medical advisers who super- 
intend the pupils. ^ 

In youth and middle age every organ of the body is adapted 
for, doing more work than it is usually called upon to do. 
Every organ can, as it is usually termed, “ make a spurt ’’ if 
refpiired ; but as old age comes on this capacity disappears, the, 
tissues become less elastic, the arteries become more rigid and 
less capable of dilating and allowing a freer flow of blood to any 
part, whether it be the intestine, the skin, the brain, the 
imiscles, or the heart itself. Mere rigidity of the art^ies 
supplying the muscles of the heart will lessen the power of 
extra exertion, but if theve.s.sels be not only rigid, hut diminished 
in calibre, the muscles of the limbs and the heart itself will be 
Unfit es'pn for their ordinary work, and will tend to fail on the 
slightest over-exeition. This fact was noticed by Sir Benjamiii 
Brodie, who, when speaking of patients with degenerating and 
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conkacted arteries, such as lead to 'senile gangrene, said: 

Such patients Avalk a short distance very well, but when they 
attempt more than this, the muscles seem to be unequal to the 
task, and they can walk no further. Tlie muscles are not 
absolutely paralysed, but hi a stage appioachiiig to it. The 
cause gf all this is sulhciently obvious. The lower limbs require 
sometimes a larger and sometimes a smaller supj)iy of blood. 
During exercise a larger siq>ply is wanted on account of the 
increased action of the muscles ; but the arteries being ossified 
or obliterated, and thus incapable of dilatation, the increased 
supply cannot be obtained. This state of things is not peculiar 
to the lower limbs. Wherever muscular structures exist the 
same cause will produce the same ellcct. Dr. Jeimer first, and 
Dr. PaiTy of Bath afterward, published observations which were 
supposed to prove that the disease which is usually called 
* angina pectoris’ depends on ossification of Uie cotonary 
arteries. ^ . Wlieii the coronary arteries are in this condi- 

tion they may be capable of admitting a moderate supply of 
blood to the muscular structure of the heart; and as long as the 
patient makes no abnormal exertion, the circulation goes on well 
enough; when, liowever, the heart is excited to increased action, 
whether it be during a fit of passion, or in running, or walking 
upstairs, or lifting weights, then the ossified arteries being 
incapable of expanding so as to let in the additional ((uantity of 
biood, whicli, under these circumstances, is required, its acXion 
%t.ops and syncope ensues; and 1 say that tliis exactly co*i*re- 
si'oiids to the sense of weakness and want of muscular power 
v/hich exists in persons who have the arteries of the legs 
obstiTicted or ossified.”* 

But the syncope and stoppage of the heart nieutioucd by 
Ih^^lie are not the only consequences of impaired cardiac 
autritioii. "The lieart may be still able to carry on the circula- 
tion, Imt tire jjatiojit may suffer intense pain in the process. 
The pntside of the heart was found by Harvey to be insensible 
to light touches, hut the inside of the heart appears to be mucU 
more sensitive either to touch or pressure, and the internal pnjs- 

* I^ectures ofy rctiholo^^ and Surgery ^ by Sir Benjamin liroclie, Loiuloj., 
IS 16, j). 300* 
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slU'e caused by inabiUt^ to empty itself i)roduces, as I have 
already saiil, intense pain. 

A knowledge, of the mode of tlie circulation of blood tbroiigli 
the inuscles enables us to understand not only the pathology of 
angina pectoris, but tlio rationale of ^arious metbods of treating 
patients suffering from angina pectoris or otbe;* forms of heart 
disease. In most cases our object is a two-fold one — to iftcreaso 
the power of tljc heart, and to lessen the resistance it has to 
overeonu?. In some Ci\se.s wo rerpiiro also to aid tlie elimination 
of water, wlncli has .Sf) accumulated as to give rise to axlema of 
the cellular tis.sue, or dropsy of the serous cavities. In our 
endoa\w:)ur.s to produce these benoticial clianges in our patioiits, 
wo employ I’ogimeu diet, and drugs, and it is evident that as in 
one case the condition of a patient's liearb may bo very diflerenfc 
indeed from tliat in another, the regimen wliieJi may be u.sefiil 
to one may bo fatal to the other. We luive already seen that 
sudden and violent exertion may raise the l)lood pressure, and 
so lead to intense cardiac pain or to sto|)]nige of the lieart and 
instant deatli; while more gentle exercise, by increasing tho 
circnlatioi: of tlie muscles, may lessen tlie pressure and give 
relief to tlui lieart. 

Tlie metbods of increasing tho muscuiar circulation may bo 
roughly divided into tliree, according as the patient lies, stand.s, 
and walks. First, absolute rest in bed with massage*; second) 
gi'iuluated movements of tlie nii:sclcs of the limbs and liody 
whiJo tho patient stands still ; third, graduated exercises in 
walking and climbing. 

The second of tliese metbods has been specially worked cut 
by the broihei’S Schott, of Nauheitn, and the third is generally 
connected with the name of OevteL 

It is obvious tliat in cuKses of heart disease where the fai^jjre 
is great and the patient is unable even to stand, muclj less walk, 
wliere breathlessness is extreme and dropsy is present, tlie 
second and third methods of treatment are inapplicable. It is 
in such cases that tlie method of absolute rest in bed, not allow- 
ing the patient to rise for any purpose whatever, hardly allo wing 
hint to feed himself or turn himself in bed, proves ad vantageous. 

•*Lauder Bruntoa, rradUioneryXo}^ li, p. 190; 



21 


EiTECT OF MASSAGE. 

The appetite is usually small, the di^esticii imperfect, and 
ilatulence tvoublesonie ; and here an absolute milk diet, like 
rbat uwally employed in typhoid fever, is often most service- 
abb?, being easily taken and easily digested, while the milk 
sugar itself has a diuret|jc action, and tends to reduce dropsy. 
Ihit while simple rest prevents the risk of increased arterial 
tensiJ>ft and consecpient opposition to the cardiac contractions 
which might arise from muscular exertion, the benelit whicli 
would accrue from continuous muscular exertions and increased 
circulation would be lost wei'e it not that they can be supplied 
avtiticially by massage. This plan of ti'eatment, although it has 
only recently been revived, was known to Harvey, “who 
narrates the case of a man who, in consequence of an injury — 
of an affront which he could not revenge — was so overcome 
with hatred, spite, and passion that he fell into a strange dis- 
oi'iler, snlfeTing from extreme compression and pain in the heart 
and breast, from which he only received some little relief at last 
wlien the whole of his chest was pummelled by a strong man, as 
the baker kneads dough.”* 

Tills was a very rough form of massage, but the same knead- 
ing movements which Harvey described have been elaborated 
into a comjilete system, more especially by lung in Sweden, and 
made widely known in America and this country by Weir- 
Mitcliell and Playfair. One might naturally expect that knead- 
ing the muscles would increase the circulation through them in 
somewhat the same way as active exercise, but, to the beet of 
my knowledge, no actual experiments existed to prove this, and 
I accordingly requested my friend and assistant. Dr. TunuicHffe, 
h) test the matter experimentally. The method euiployed w'as, 
lu the main, the same as that devised by Ludwig, and employed 
1% Sadler and Oaskell under his direction, The results were 
that, during the kneading of a muscle, the amount of venous 
l>!ood whiirh issued from it was sometimes diminished and some- 
• inies increased ; that just after the kneading was over the flow 
'vas diminished (apparently from the blood accumulating in the 
nniscle), and this dimimition was again succeeded by a greatly 
uicroused flow exactly corresponding to that observed by Ludwig 

• The Wafhe of William Harvet), Sydeuham Society’s editloa p. 128. 
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and his scholar:?. The cliniGitl results are precisely what one 
would expect from increased circulation in the inuscles, aTui< 
cases apparently hopeless sometimes recover most wonderfully 
Under this treatment. 

For patients who are stronger, so coufincment to bed is 
unnecessary, and wlio yet are unable to take walking exercise, 
Schotts treatment is most useful, and it may be used as fin ad- 
junct to the later stages of the treatment just described, or os a 
>sequel to it. Hero tlie patient is made to go tlirongh various 
exercises of the arms, legs, and trunk with a certain ainonnt of 
resistance, which is applied either by the patient himself setting 
in action the opposing muscles, or by an attendant, who gently 
resists every movement made by the patient, hut graduates liis 
resistance so as not to cause the least liiirry in breatlung, or the 
least oppression of tlie heart. Perhaps the easiest way of em- 
ploying graduated resistance is by the ergostat of Glartner, 
which is simply on adaptation of tlie labour crank of prisons, 
where the number of turns of a wlicel can bo r(‘gi]lated^in caeii 
minute, and the n^.sistance, which is applied by a brake, may be 
graduated to an ounce. The objection to it is tlie uniformity of 
movement and it:s wearisome monotony. 

Oertebs plan of giTtdnally walking day by day up a steeper 
and steeper incline, and thus training tlie cardiac muscle, is well 
adapted for strong persons, but whea applied injudiciously, may 
lead, just like hasty or excessive exertion, to serious or fatal 
‘ resists. In Scliott’s method stimulation of the skin by baths is, 
iised as an udjunci, and this may tend to slow the pulse as 
already mentioned. But in all these plans the essencc3 of treat- 
ment is the derivation of blood through a new channel, that of 
tlie muscular vessels ; and the results in relieving cardiac dis- 
tress and pain may be described in the same words which 
Harvey employs in reference to diseases of the circulation: 

How speedily some of these diseases that are even reputed in- 
curable are remedied and dispelled as if by enchantment/'* 

There is yet another consequence of the circulation to which 
Harvey has called attention, although only very briefly, whicli 
has now become of the utmost importance, and that is the ad- 
• fh9 xd'Willm Ilarveu, Svtlenhaiit Society*# p. 141. 
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mixture of blood from variouB parts of the body. After describ- 
ing the intestinal veins, ITarvey says : “ The blood r<?, turning by 
these \t?ins and bringing the crinler juices along with it, on 
the one liaud from the stomach, wlicro they are thin, watery, 
and not yet perfectly cli;;^ified ; on the other, tliick and more 
eartliy, as derived from tlic faeces, but all j^ouring into this 
spleAc branch, are duly tempered by the admixture of con- 
traries.”* 

Harvey’s chemical expressions are crude, for chemistry as a 
science only began to exist about a century and a Inalf after 
Harvey’s death, yet the general idea which he expresses in the 
words wliich I have just quoted is wonderfully near the trutli. 

Two of the most important constituents of Hie blood are 
chloride of sodium and water. Cliioride of sodium is a neutral 
salt, but during digestion, both it and water are decomposed in 
the gastric glands, and hydrochloric acid is poured into the 
stomach, while a corresponding amount of soda is returned into 
the hlobd, whose alkalinity increases pari passu with the acidity 
of the stomach. Part of this alkali is excreted in the urine, so 
that the urine during digestion is often neutral or alkaline. 
Possibly some of it passes out through the liver in the bile, and 
through the pancreas and intestinal glands into the intestine, 
Avliere, again mixing with the acid chyle from the atomacli, 
neutralisation takes place, so that neutral and comparatively 
inactive chloride of sodium is again formed from the union of 
active alkali and acid. Pmt it is most probalilc that vvhat (jccim* 
in the stomach occurs also in tlie other glands, and that the 
liver, pancreas and intestine do not merely pour out the excess 
of alkali resulting from gastric digestion, but that tliese glands 
also decompose neutral salts, pouring the alkali out through 
tlieir ducts, and returning the acid into tlie blood. 

We are now leaving the region of delinite fa(d; and passing 
into tliat of fancy, but the fancies are not entirely baseless, and 
may show in what directions Ave may obey Harvey’s behest to 
search otit and study the secrets of nature by way of experi- 
rnont.^ For what is apparently certain in regard to the decom- 
position of chloride of sodium in the stomach, and probably in 
T/ie Works of William ITarve^f Sva«*nl>ri'.fi oilition. p. 75. 
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the case of neutral salts in the pancreas and intestine, is glso 
probable in that important, though as yet very imperfectly* 
known, class of bodies which are known as zymogens. * Just as 
we liave in the stomach an inactive salt, so we have also an 
inactive pepsinogen, which, like tl^e salt, is split up in the 
gastric glands, and active pepsine is poured into the stomach. 
But is pepsitio the only active substance produced ? ifcs no 
other body, resulting from the decomposition of X'cpshiogeit, 
been poured into the blood while the pex)sine passed into the 
stomach ? Ifas the inactive })epsinogen not been split up into 
two bodies active when apart, inactive when combined ? May 
it not be fitly compared, as I have said elsewhere, to a cup or 
glass, harmless while whole, but jdelding .sharp and even dan- 
gerous sxditjters when broken, although these may again be 
united into a harmless \vholc ?* 

This question at i>vesont we cannot answer, but in the pan- 
creas there is an indication that sometlring of the kijid takes 
place, for Lcpitie has discovered that while this gland piihra into 
the intestine a ferment which converts starch into sugar, it 
pours through the lymphatics into the blood another ferment 
Avhich destroys sugiir. Whether a similar occurrence takes 
place in regard to its other ferments in the i)ancrea.s, or in the 
glands of the intestine, we do not know. Nor do we yet know 
whether the same. i)rocess goes on in the skin, and Avhether the 
secretion of sweat, which is usually looked upon as its .sole 
iunc(ion, bears really a relationship to cutaneous activity similar 
to that which the secretion of bile bears to the fmretions of the 
liver. There are indications that such is the case, for when the 
skin is vaniished, not only does tho temi)erature of the animal 
rapidly sink, but congestion occurs in internal organs, and 
dropsy takes i»l.ace in serous cavities, while in extensive buriie 
of the skin rapid disintegiatiou of the blood corpuscles occurs. 
It is obvious that if this idea be at all correct, a com|ilete revo- 
lution will 1)0 required in the view’s we have been accnstehiecl 
to entertain regarding the action of many mcdieine.s. In the 
case of purgatives and diaphoretics, for exam])le, we have looked 
mainly at the .secreti,on 8 poured out after their administration 
• Practitioner^ vol, xxxv, August, 1885. 
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for an explanation of their usefulness, whereas it maybe that 
th(? maiii piirt of the benefit that they produce is not due to the 
substanoies liberated througli the secretions wliich they cause to 
bo poured out, but to those wliich are returned from the intestine 
and skin into tlic circulati^ig blood. 

How important an effect the excessive admixture of jui<^es 
from •one part of the animal body with the circulating blood 
may have, was shown in the most striking way hy AVookl ridge. 
The juice of the th}^roi(l gland is harmless so long as it remains 
ill the gland, and is probably useful when it entoi's the blood in 
smnll quantities in the ordinary course of life. Yet Iio found 
that if this juice lie injecied directly into the vessels it will 
cause the blood to coagulate almost instantaneously and kill the 
animal as quickly us a ritle bullet. But what is powerful for 
harm is, likewise, powerful for good, and the administration of 
thyroid juict> in cases of myxeedema is one of the most remai k- 
ablc therapeutic discoveries of inu^leru times. 

SiTiC6»the introduction by (lorvisart of pejisine as a remt'dy in 
dyspepsia, digestive i'erineiits liave l)e(m largtdy employed to 
assist the stomach and intestine in the performance of their 
functions, but very little ha,s been done until lately in the way 
of modilying tissue cdianges in the body by the iutroductLoii cd' 
ferments derived from solid organs. 

For ages back, savages have eaten raw hearts and otluu’ organs 
of the animals which thej^ ht!tve killed, or tlie enemies they have 
cenqiuired, under the belief that they would thereby obtaip in- 
creased vigour or courage; but the first definite attempt to'cure 
a disease by supplying a ferment from a solid non-glaiululur 
organ of the body was, I believe, made in Harvey’s own liospital 
by the use of raw meat in diabetes.* 

^It was not, howgver, until Brown-Sequard recommended the 
Vise of testicular extract that tlie attention of the profession bc- 
Ciune attracted to the use of extracts of solid organs. Since 
fhen extract of thyroid, extract of kidney, extract of supra renal 
capsule have been employed ; but even yet they are only upon 
their trial, and the limits of their utility have not yet been 
definitely ascertaiued. 

• Lauder Brunton, Brit. Med, Jour., FebriAry 21, 1S71, pp. 221 et seq. 
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Auotlicr therapeutic method has been recently introduced 
which bids fair to be of the utmost importance— ^dz., the titat- 
ihent of disease by antitoxins. The discovery by Pastepr of the 
dependence of many diseases upon the presence of minute or- 
jjanisms may be ranked witli that of Harvey, in regard both to 
the far-reaching benefits which it hal conferred upon mankind 
and to the simplicity of its origin. The germ of all hip dis- 
coveries was the attempt to ariswev the apparently useless ques- 
tion, “ Why does a cry.stal of tartaric acid sometimes crystallise 
in one form and sometimes in another?” From this germ 
sprang his discovery of the natnro of yeast, and of those microbes 
which originate fermentation, putret'actiojx and disease. 

These minute organisms, far jcmoved from man as they are 
in their structure and place in nature, appear in some respects 
to resemble liim in the processes of their growth and nutrition. 
They seem, indeed, to have the power of splitting np inactive 
bodies into substances having a great jjhysiological or chemical 
activity. From grape sugar, which is comparatively in%rt, they 
produce carbonic acid and alcohol, both of which have a power- 
ful jdiysiological action. From inert albumen tliey produce 
albumoses having a most powerful toxic action, and to the 
poisonous properties of tlieae substances attention was for a 
while alone directed. But it would appear tliat at the same 
time as they produce poisons they also form antidotes, and when 
iutrodneed into the living organism they give rise to tlie pro- 
duction of these antidotes in still greater quantity than when 
cultAated without the body. 

The plan of protection from infective diseases, which was first 
■employed by Jenner in small-pox, is now being extended to 
many other diseases, and the protective substances which are 
formed in the body, and their mode of action, are being care- 
fully investigated. The introduction of either pathogenic 
microbes or of toxic products appears to excite in the body a 
process of tissue-change by which antitoxins are produced, and 
these may be employed either for the purpose of protection or 
■•jure. By the u.se of antitoxins tetanus and diphtheria appear 
to be deprived of their terrible power. 

But it seems probable, that a ainiilar result may be obtained 
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by the introduction oi' certam tissne-juicos into the general cir- 
cuRition, foi* it was shown by AVooldridge that thyroid juice lias, 
the powr of destroying anthrax poison. Increase of the circu- 
lation in certain organs will almost certainly increase their 
tissue-change, will throw ^leir juices or the products of their 
functional activity into the general circulation, and thus inlhi- 
enco^hc invasion or progress of disease. As I have already 
laentioncd, we are able to intiuence tlie circulation in muscles 
both by voluntary exertion and by massage, and we sboiild 
expect that hoth of these measures would inlluenco the con- 
stituents of the blood generally. Such, indeed, appears to be 
the case, for J. K. Mitchell* has found that after massage the 
nuiuber of lilood corpuscles in the circulation is very consider- 
ably increased. We can thus understand why exercise either 
of the body or its parts may increase its power to resist infective 
diseases. 

Had time allowed it, I had intended to discuss the modifica- 
tions o$the Iieart and vessels by the introduction of remedies 
into the circulation, tbe po%Yer of drugs to slow or strengthen, 
to quicken oj* \veakeii the power of the heart, to contract or 
relax tlie arterioles, to raise or lower the hlood pressure, to 
relie.ve pain or to remove dropsy; but to do tins would require 
time far exceeding that of a single hour. Moreover, the 
luotliods and results of such research were adnurauly expounded 
to the College by llr. ].ecch in his Croonian lecture, and 1 have 
theiefore l.lioughfc I should be better fulfilling the wish of 
Harvey that the orator of the year should exhort tlie Fellows 
iUid Members of the C'dlege to search out the secrets of iio.ture 
by way of ex])eniu(int by directing their attention to some fields 
of research ^vllich have received at present little attention, but 
^omise results of great praeticiil value. 

lastly, I have to exhort you to continue in mutual love and 
aflection amongst yourselves; and it seems to me that the best 
way of doing this is to direct your attention to the examples of 
Harvey and of our late President, whose death we deplore to- 
<lay. They were beloved by their fellows while they lived, 
their loss was lamented when they died, and they have left 

* A}i:erican Journal of Medical Science, May, ISOi- 
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behind them un example not only of goodneas, but of courage. 
Hrirvey, seated speecl)less in his chair, distributing rings and 
parting gilts to his friends while awaiting the approaeh*»of death ; 
and Andrew Clark, steadfastly determining to continue at work 
and die in harness, in spite of the li^cmoptysis which seemed 
threaten a speedy death, afford us noble examples which ought 
to encourage us to follow the directions of the venejabkf Long*' 
fellow, who, taking the organ Harvey studied to symbolise such 
courage as Harvey and Clark showed, says : — 

** Let v«B then he np and doing 
Witli a heart for any falo, 

Still aeliicving. fit ill purs»iin;r, 

Learu to labour and to 
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Preface. 

Encouraged l)y the distiuction awarded to this l'lic.sis by 
the Medical Facully of the Edinburgh University, and 
believing that it contains some facts net altogotlier without 
inlerest or importance, I liavo been imlueed to i>iiblish it, 
tlioiigh fully conscious of its very imperfect conditirm. 
Though my time was not only short, but much broken up, 
tlie omissions would probably not have been so nuiiieious, 
mu.l the amount of new luaterial greater, were it not that, 
fearing lest I should see, not what was actually beh.^re me, 
but what others had seen, and I thought 1 ought to see, I 
left niyaolF, during the greater part of the time, purposely 
ignorant of tlio literature of Digitalis, only narding it up 
alter most of my experiments had l)een alroaily iimTormed, 
and then learning that many of my observations had been 
already made by various experimenters, whose results they 
only confirmed. 

Hero I ghully take the opportunity of acknowledging my 
great obligation to Dr. Maclagan, who first suggested *tlii.» 
subject to me, and by kindly allowing me the use of Ids labora- 
tory, luvs enabled me to make experiments I would otherwise 
have been obliged to leave untried ; to Dr. (hamgee, for the 
great, indeed, essential aid he has alforded me by advice, 
iifttruments, and personal assistance ; to Dr. Cliristison, for 
help given me by books and specimens; to several of my 
follow-stndcnts, especially to IMessrs. Downio, jMaclean, and 
-vdeoLson, for the assistance they rendered me in the p(3r- 
formance of iny experiments ; and to 3Ir. Salom, Optician, 
for the nse of his Weather Tables. 


March^ 1868 . 
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ON DIGITi^IS. 


As we review the rapid progress made witlain late years by 
physiology, pathohjgy, and otlier departments of medical scicmce, 
and compare it with the slow advance of therapeutics, we 
experience a growing dissatisfaction with our present empirical 
method of treatment, which, consisting, as it does, in the mere 
tentative administration of drugs without a definite knowledge 
of their action, must neeessiirily retard progress, the same 
medicine being tried time after time b3’ different pliysicians, 
and the panacea of one generation being discarded l)y the next, 
only to be again resorted to and trusted in by a third. 

Turning from this unsati,shK‘tory metJiod, %ve begin afexiously 
to look for one of a more rational cliaracter, which shall i.;:; 
based not only on a knowledge of the ebangos induced by 
disea.se, but on a minute and accurate acquaintance with the 
action of the remedies whi(;.h wc pr(;scribe for its cure. 

iVt present, however, our knowledge of their action is ex- 
tremely vague and superficiid, consistijig, in the majority of 
cases, chiefly of the external .symptoms manifested by anirnaL; 
4jnd(,*r the influence of pjolsouous dosc.s, and of the changes 
obseWed after their administration in disease, when it is often 
extremely difficult, and sometimes imprfssible, to say how much 
is owing to the drug, and how much to tlie natural course 
of the malady. 

Perhaps no better example of the imperfection of our knO|pr- 
ledge can be given than the views entertained respecting 
digitalis, for although it is in daily and hourly use, and, for 
several years kick, hardly a month lias passed without an 
article upon it in one or other of the medical journals, it is 
regarded by some as weakening the heart’s action, by others as 
strengthening it, some placing it at the head of the lisV of 
diuretics, othef’s denying tliat it po.®sesses this property at all; 
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and even when two authorities agree as to the results produced 
bv^t, their views as to its modus operandi are of the most dis- 
similar pature. Such being the state of our knowledge of this 
valuable medicine, I have been induced to rnako the following 
investigations with the vi^w of deciding some at least of the 
disputed points ; and if I have not done so mucli as I would 
vvishjil trust that my labour may not bo entirely in vain, bat 
prove, at least, a stepping-stone towards the desired end. 


Histouy. 

So striking is the appearance of this elegant platit, with 
tall stem rising from the midst of a thick bunch of downy ^ 
leaves, and gracefully beading at tlie top under tlie weight of 
its beautiful purple bells, that it is iiiiposilde to bclie\’e the 
ancient herbalist would have passed it over in silence. As no- 
notice of it is found in their works, we are led to believe that 
they W(iL‘e unacquainted with it. J ts popular name of .Foxglove^* 
occurs in Saxon writings of ilic lltli century; but it seems to 
ha^'e been unknown to tlie learned till near the middle of the 
] 6th, as it had no Latin name till 15;15, wlien Fuclisius, pro- 
fessor of medicine at Tubingen, gave it that of Digitalis, which 
it still retains. It seems formerly to liavo enjoyed a great 
reputation as an external applicationt for the cure of wounds; 
iuul scrofulous ulcers, t and for causing the absorption of scro- 
fulous glandular euliu’gemcnts.§ 

The internal administration of its juice has been noliccd 
as a remedy for scrofula by Yuu IlelmoiitJJ Haller,*!! Fourcroy/'^''^' 
and Merz.tt 

According to Lobel, digitalis was employed on account of its 
^ PereiraV il/i/^. Mrd. 

t Ferreiii, Madere Mtd.^ iomeiii, 1770, p. 67. Vide Uouiollo aii'l Qucveniie,. 
p. lao. 

t Oco^rey, Trait, de Mid,^ 1743, toRio vi, p. 202 (II. and Q., p. 140)* 

§ IVrrcin, v2t, cU, 

;! Apparatus Medicaritm, 1776—1794 (H. and Q., p. IfiS). 

•' UUt. Stirpium Indig, Ilelvd/icCy 1768 (IT. and Q.). 

** Snogclopedie MeihodiQtief tome v. p. 45G (II. and Q.). 

tt Dissert. Ina^(gural^ Jena, 1700 (H. and Q.), 
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6Aetic and cathartic properties by tlio peasantry of Somerset- 
Khire as a cure for fevers. Ferreun^ alludes to these properties, 
and observes that it was reckoneti a cure for inveterate 
apoplexy, but ou;^ht only to be adjninistered to robust persons. 
It occurs in tlui list of siinidos of the London Pharinaf^opadas 
for IGoO, 1G7^>, 1(382, and 1721, is exfdudod from that of 1746, 
but appears again in 1788, and in that of 1809 it is not ^;uen' 
tioric^iincn^ly, but the preparation of its timiture and iiibisiou 
are d<*seril.)ed, and in all subsequent editions it has bold a promb 
neut pla:'c. At an oaily period it seems to have been less used 
ou the continent than in England, as it is absent fj'oni tlie 
riia)]iiacej)o ia of Leyden for 1718, iJi'akc allirius that its 
acl;i»>n as a diujctic was unknown till 1770, Mini in 1775. 
\\^i{iiering wrot(j the. first monograph on it.s action as such 
noticing also its |)ower of lowering the ])ulsc. From lliis 
latter ]n*openy it l>egaii to be nserl in Jia:nn»rrha,ges, ami 
Fcri'if.ir,t giving it for lia.iaoptyses in the early .stag'*s of phthisis 
th Might that it also lu’cvenled the fartlier bnanation ortubei'cle — 
l>t.Hltb)cs,t I.)i-akrf,§ EowIer,|| .Mosinan,1l ,Maclijaii,tl‘ and 

Darwin, have all recomincnde.d its use in phtliisis, and lU'iu- 
ton§§ says that it is the best renicdy fur lucmorrhagci froin 
ea\ ilie.^ in. its advanced .stages. .FeriiMril thouglit it useful in in- 
iiaiuiaator)' fever, and Currie, Itasori jtt llirtz,7t4 

* Jvrrroin, op. rif. 

f FtMTirir, On 

t noddoc.-', On Cnfisfnnpf'on, Dif/Ua?is, and f^crofulay ISOl (if. and Q.), 

* § iSrala, L(df.('/* to lif-dduf'x (II. and Q.). 

|] Fowit^p, LeUey (U. and (}.)• 

•" Mri.^Tnnn, A’w^y on Scro/ula, Glandular Conaximption^ and Obser cations oiT 
(If. and Q.). 

Burr LtUlt'r to Jiedioex (IT. and Q ). 

ft Minrlean, ^fed, and Pht/s. dourn., Ixv, p. 180 201 (II. and Q,). 
r/dn If. suui (?., p. S23. 

SS IjnnUtn, quotctl by Ilandficld Jonos in Clinical UemftrJtx on Funciicnal 
Ncrcfutf! D *sovdcr$. 

ii ;i F^TTiur, op, cit. 

*■*![ Currw?, Medical Iteporfs^ 

*** TJioina/?, Frail ice of FhysU, 

ttt IhMsoi’i, Annales de ThempiuHym de Boffndta^ 181.') (11. and Q.). 

ItJ Pultelin de T/ierapeuliym, February 28 and Marcli 15 (vide Tear Bao^ 
of Sydenham Society, 18(32, p. liO), 
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Millet,* Oppolzer,t Sclnieider,J and Traiibe,§ all hold the 
saifle opinion. Tu continued fever, it haa been recommended 
by ClutWirbuck,! and in bad cases of typhoid fever by Wun- 
derlich.H It has boon proposed as an antiperiodic in ague by 
Davy,** Gi‘affeneuer,tt aud^jrerard,|J and Bouillaud§§ has treated 
between 40 and 50 otses successfully by it. It has been recom- 
nieiidJld in hemicmnia by DdboutH and Servo, If and it was 
found to be highly etficacious in mniralgia by Boisou*** and 
Hardwickc.ftt According to Thoiuas,|:|:t it efl'ects a permanent 
cure in epilepsy, and I*arkinson,§§§ Moll,|l'|i!Corrigtiu,f1iir Cramp- 
ton, Iff Sharkey,fff lseligan,fff and IJuclo.s**** have em- 
ployed it witli success. Dr. C. L. Rol«3vtsoutttt liiids it extinmely 
visefnl in the .sc<.‘Oud stagis of general pareses of the insane. 
Mr. G. M. Jones, of Jerfsey, employed it in large doses in 

* Millet:, BtdlU. de Therap, Ann. par Jamain^ 1*160, p. 55 {^^ydenham 
Society Year Book, 1860, p. 221). 

t Oppolzcr, C(hm(. Jahrh. vol, iii, p. 273 (tuV/e Sydenham Society Year 
Book, 18(», p. 210). 

J SehneideiN Annua ire de Therape.nli<iue, 1S59, pp, 82-88 {Sydenham 
Society Year Book, 1850). 

§ Traube, DeuUcke Kfinlk, No. 47,1859, Cunsf. Jahrb,, vol. iii, p, 273 {oide 
Sydenham Society Tear Book, 1800, p. 210), 

11 Clutterbuck, Inquiry on (he iSature and Seat of Fever, 1807 (H. and Q.)* 
^ Wunderlich, Med, Timea and Gaz., 1802, p. 2010. 

** Davy, ride If. arul Q,, p, 324. 

ft Griiffeiieuer, Merat and Delen's 'Diet, de Mat. Med., to.me ii, p. 645-47 
(II. and Q., p. 324). 

tt fleriml, Thexis Monf pettier (II. and Q.). 

§§ Bouilhnid, Traitc dn Nosoyraphie Medicate, 1840, tome iii, p. 471, 'and 
Cliniqve Medicate de la Charite, tome iii, p. 236 (II. and Q.). 
ij|| Debout, vide Sydenham Society Year Book, 1861, p. 161. 
llIF Serve, Bullet, de. Ther., April 35, 1861, and Const. Jahrh., vol. iii, p, 29 
{vide Sydenham Society Year Book, 1861, p. 164). 

*** Boi.gon, But. de la Soc. Med. de Gent, May ft.ud June, 1861 {vide Sy den- 
h a o r i^ty Year Book, 1801, p. 164). 

ttt lUrdwicke, quoted by Handtleld Jones, op. cit, 

Tlioiiin.s, op. ('if. 

§§§ BiU’kinson, Theatre of Plants, p. 654 (IT. and Q.). 

iiiiii Moll, Bpilepsia DiyitaU Sanala, Dissert. .Bonn, 1823 (H. and Q.). 

^ If. and Q., p. 144* 

Ducloa, Bui, tie Ther,, lix, .1860, Sydefiham Society Yerxr Book, 1861, 

p. 101. 

tHt Kobert«>n, Brif. Med, Journ,, Oct. 3, 1863, 

•ri+i Jones, Me^. Times and Gaz., Sept. 29, 1860. 
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delirium tremens ; and Peacock,^ Carey ,t and Eeidt record suc» 
cessfnl cfises. It has long been recognised as an exeelieiit 
diuretic in dropsy depending on disease of the heai^t, but iu 
administration was sometimes thought dangerous when tlievr- 
wa^s mucli weakness of that orga^i. Drs. HaiuUield Jones, J 
Fuller, Germaine, and Wilks§ believe, however, that if. 
strengthens rather than enfeebles the lieart, ami is, tl^ueforo^ 
most useful wlien that organ is weak, and dangerous only in 
hyj>eitn>phy. Afr. W. IL Dickinson Iras found it an exeellont 
remedy in mono) rhagia, and a powerful oxytoxic*. The geneml 
poisonous action of iligitalis has been examined by Orliln, 
Bouley and ]\*oynab I)ui»uy and Delafond, Jb7ucbardut an*! 
Sandras, Stannius, and otliers. Its action on tlie arterial ton- 
sion and the heart has Ijeen studied by lUake, I'raube, Wiro- 
gradoff, Briiiuet, Kdlliker, Dybkowsky and Pedikan, Kuieul)eig 
and Ehrenhaus, IlaiuKield Jones, Fagge and Stevenson. Its 
influence on the temperature has been (\\'amined by Traiil“;‘. 
Dumeril, Denmrcpmy, and I.eeonte, &c . ; on the metip:uorphosif 5 
of tissue by AViriogmdolV and Stud ion, 

C HEM 1 C A h If 1 STO II Y, 

Up to the year 1841, when Messrs. Uomrdlo and Quevenne 
succeeded in obtaining from digitalis a neutral principle in tlie 
form of a yellowish powder, presenting tlu^ bitterness aii'l 
possessing the pljysiological action of the plant; the activi* 
pfiiicif^le !iad been sought for in xain, though sc^Yeral chernisis 
believed they liad obtaiiu*d it in the slmpt; t»f lirowuish or 
yollowLsh extracts, to which they hud accoviUngly given thc^ 
name of digitaliiic, a name afterwards applied to the sul- 
stance obtaiued by Momollc and Quevenno. 

The results of the analyses given by these gtmtleui^^i < f 
digitalis, and their dcHcriptiou of the characters of its consli- 
Luents, are as follow- s ; — 

i)ijjitaline, — In scales or masses — -pale yellow — oafiilv 

♦ Peacock, TimeB and Gaz,, Aug. 3, 1S(51* 
f Ctircy, Med. 7*meB and Gaz., Aug. 2i, 18GI. 

J Edin. Med, Joura.^ IHC-t’Bo/ p. It 2. 

,§ II. Jones, Assoc. Med. Journ,, 2, p. ISl, 
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jx)\vdered> and tlui powder of a yellowish colour, intensely 
bitter, with a peculiar faint odour, and causing sneezing if it 
be ctirolc^ssly moved, heavier than water, and doubtfully 
crystallisable. It is unalterable in air, fuses at 100°, and 
above this becomes coloi^'ed and loses its bitterness, which is 
replaced by an astringent taste. It is neutral to test-paper, 
but off acid fumes when burnt. It contains no nitrogen. 
It is sohiblo in nearly 2,000 parts of cold and 1,000 of hot 
water It is easily s^duble in alcoliol and wood spirit, in 
about 100 parts of pure ether, in a coiisiderably larger pro- 
portion if the ether contain water, and more especially 
iileubol, completely soluble in chloroform, partly in almond 
oil and oleic acid, and insoluble in sulpbitle of carbon. It 
forms no compounds with acids. Concen (.rated sul])luiric acid 
forms a V>rownish solution, becoming somewhat purple, and 
depositing oHve-colouved lltik<*s on the addition of water. 
With liydrochloric acid it forms a Uglit green litjuiil, becoming 
darker as it stands, and .lessened but not changed by the 
adrlitioii of water. Its mpieous sohdiou is not precipitated l;»y 
lmiib)ride of mercury, acetate, or sulxu^etate of lead, nitrate of 
silv(.‘r. pereliloiide of iron, chloride of gold or platinum, or 
a(;e(-ate of copper, 

IHfritalosc . — This has a white crystalline — almost micaceous 
— asp<.*ct. Its ])oirit of fusion is 200°, and it is soluble in con- 
centrated sulphuric acid, giving it a pale yi.dlow colour, but 
forming with dilute acid a rcise-coloured solution. It is neu- 
tral, tasUdess, solnbbj in alcohol and idlier, insoluble in wateV. 

IMijUalia . — Tins is a white neutral powder, soluble in alcohol, 
insoluble in water, insi])i<lor faintly bitter ; furnishing to water 
a transparent material in w^hicli this bitterness rtisiiles. Its 
alfxdiolic Holiition is precipitated by caustic potasli. 

-DiijiUtiUle,--T\\m o(-cuis in pale, gummy-Iooking scales, is 
nontral, soluble in water and feeble alcohuh slightly in strong 
alcoliol, insohiide in ether. Its taste is sweetish, with a bitter 
after-taste. Is perhaps the bitter part of digitalis, which is 
soluble ill water, along with colouring matter. It is also 
precipitated by caustic potash, and distinguished from digitaliu 
its fornn 
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Dicf^itidu AcvL — -White, crystallisable, aud of an acid taste 
and peculiar odour, hocouiing suffoiMting under heat, soluble iji 
water and alcohol, .slightly in etlier, decomposes ivi air, aut! 
becoipes brown with extreme facility: the decomposition beicia' 
favoured by light and alkalis, 

AiiHrrhmic ArvL — This is volatile and oily in aj>pearauco. 
Besides these, tliere arc Difiltaloic Acid, Tannic Acidf Suijar^ 
Fectin, an albuminoid azotised matter, a crystallisable oraiigr^ 
red col»>uring matter, chlorophyll, a volatile oil, an<l ligneous 
fibre. 

The ]>io<'.ess iliey cm[)loye<l for the extraction of digitalin(^ 
was to precipitate a watery infusion of digitalis by subacetato 
of lead, to remove the excess of lead by a mixture of carbonate 
and plu)sj>hate of soda, and the lime, by oxalate of ammonia. 
To tiie filtT-ate‘ they adrled tauniiL and tiM:> p}‘»)duct of this was 
ruixod with litharge, dried, powdere<], and treated by alcohol 
This was then i^vaporated, aud the residue w-as treated wirli 
concentrated ethm’, whicli dissolved the othei: principles and IcfiM 
the digitidine. Tlii.s process, as modified by 0. Henry, a,ijd 
adopte<i in the British PJiarmaeopona, consists in treating tli<' 
syrupy alcoholic extract with acetic acid, decoluiising by animal 
charcoal, lu'ecipitnting l>y tannin, decomposing by litliargG. aval 
thus freeing the digitaline which is decolorised by aninutl 
charcoal and purified by ether. 

The composition of digitalis has been examined by many 
otjlier chemists, espcciidly Kudig, florin, Buchner, Kossmau, 
and Walz. 

Walz* has ol>taiiied as volatile principles digitalosiniu au'l* 
digitalissic acid (valeric acid), and as non-volatile principles 
digitaliii, digitasolin, digitvdacrin, digitaloin, and. digitaloic acid 
Digitalo.smin is the od<uifcrou.s principle of digitalis, a 

camphoroidal sulistanoe detained as a fatty film by distilling* 
with w^ater. VVhen the crude digitaline, obtained after decom- 
posing the tannin, precipitate w ith litharge, is treated with etlici' 
b) purify it, an acrid matter i.s dissolved, to which Walz at 
gave the nanic of digitalacrin, thinking it a simple snbstanoe; 
but has since ibuud that from it may be separated digitalise 
* VV'at(’:s Diet, Chem., Art. “ 
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fat or digitaloiri in white crystalline scales, wliich melt to an oil 
gt a gentle heat, and digitaloic acid in while nacreous laminse. 
'Hie resitkic left by tlie ether, and which constitutes commercial 
dieitaline, consists of two |.substaiiee3 : one of w’liich is much 
more readily soluble in wVter than the other. This soluble 
part is yellowish and amorphous, soluble in 120 parts of cold 
of boiling water ; is said by Walz to be the active 
priiKnple, and is calletl by him digitaline ; others call it digita- 
solin. The instduhle residue is called, hy liim digitaletin, but 
others called it digitaline. It is still doul>tful if all these bodies 
are really distinct or have been obtained quite pure, but Walz's 
analyses and formulas agree w'ell. Kossman lias given tlie 
name digitalic acid to an acid in digitalis, and also to a product 
of boiling digitaline wdth soda, lye, or lime. 

The name of tlie active prin('ij>l<^ lias lieen spelt by Homolle 
as digitaline with a final e, and liy English writers indillercntly 
as digitaliu* and digitaline.t It is to be regretted that Homolle 
gavt) such similar names to dilferent bodies, and also that other 
chemists have given difieveut names to tint sanu; body, as for 
oxainple, Walz, who calls tlic pui'o active prin(d|>lc digitaletin.. 
I have retained Homolle/vS orthography. 

That digitaline is the active principle, or at least contains^ 
its has been sliown l>y the pliysiological exporiments and 
clinical experience of v<irious observers, among whom may be 
mentioned Messrs. Hervieux, Shohl, Sandras, r»ouillaud, Audral, 
and Lemaisho, ( -orvisart, Laroche, Huroziez, and Mandl, 

* 

have found that it produced the same eliects as the plant itself, 

^ botlr as «a poison and a medicine. 

IHgitaline is estimated by Homolle and Quevenne as being 
100 times as strong as the leaves of the plant ; but Stadioii 
reeJj^uLS it as only 30 times as strong, and from the trials I 
made on myself I am iuclincd rather to agree with the latter 
Intimate. In order to (letciinine whotlici there was no other 
diuretic principle in digitalis, on account of W'liich it might ho 
preferable tc administer the plant itself, oi one of its p>harma-‘ 
f'cutical piepaiationSjf M. Homolle made experiments on the 

* JPharm. t GnrroU, MuL ^fed. 

+ ^irch, Gen f 5 uer., vol. xviii, p. 6, July, 1801 (vide Sydenham Society Year 
18Cl,p. 434). 
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products obtaineil fi-oin the plant by various solvents. The first 
substance was the residue, after exliausting tlio leaves with* 
weak alcohol; the second, the substance taken up from the 
alcoholic solution by ether, consisting ehiefiy of a nauseous, 
feetid, and acid principle, resembling the digitalic acid of 
Kossraan ; the third wjis the alcoliolic solution after treatment 
W’ith ether ; the fourth is obtained by treating the rcf^^ilt of 
evaporation of Xo. wuth chloroform, 

Xo. 1 he found to be comparatively inert, tlic result of taking 
3 grama, or 46 grains, l«?ing only equal to 1 milligram of digi- 
taline, which is, therefore, 3,000 times stronger. After taking 
45 centigrams, or aliout 7^ grains of Xh). 2, he had no symp- 
toms for eight hours, but was then seized with great iiansea, 
faintness, and vomiting, which continued at intervals of 15 
minnles for 30 horns. Xext day his pulse had fallen, and, on 
the fourth day, was as low as 48. Vision was impaired, and he 
could not look steatlily at a bright object. Urine was abundant, 
hut the hliulder’s contractility wfis impaired, and external pres- 
sure was required to expel the urine. lie had pulsation of tiie 
abdominal aorta, anxiety, epigastric constriction, and cougli, 
with pneumonic expectoration, lasting for a week : but thestj, 
he thought, were caused by the continuous vojiiiting. About a 
year after this he took 2 centigrams, or alanit one-third of a 
grain of Xo. 3. lie repeated the dose in 40 houra, and agaiti 
after eight hours more. The symptoms wei’e exactly those of 
i!ig^j[;aline. Xo. 4 had exactly the same action, hut was inneh 
more powerful. M. Homolle concludes that digitaline is tlte 
only principle in digitalis which has any thera|)eutical value, 
that the greater toleration of the stomach of preparations made 
by W'ater, is from the al)senoe in them of the nanse.ating acrid 
principle (tligitalic acid) contained in Ko. 2, that digitalis t*’cs 
its sedative and diuretic effects entirely to digitaline, hut that 
its nauseating effect, and probably tlie impainnent of vision it 
preiluces, are due to digitalic acid. M. Homolle seems to pto'O 
that digitaline is by far the most important and active (jf the 
principles contained in digitalis, as the fall of the pulse, noticed 
after taking 2, may have been produced by digitaline eon- 
taiitedin it; hut asi I experienced irnimirinent of vision and natisea 
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iifter taking digitiiline, which 1 had got from Mr. Morsoii liim- 
self^who said it had iHicn carefully preijured, and might be 
relied on,*I believe these ellects may be jiroduced l)y digitaline, 
and are not, as M. lloinolU seems to think, entirely owing to 
digitalic acid. 

Physiological Action. 

On Marcet* found inf usiom of digitalis in a few 

eecoiids caused a slight crisping of the leaves of a haricot plant 
introduced into it by the root, and next day the plant was dead. 
On treating a haricot in the same way witli solution of digitiilinc 
of a grain in ^ii of water), I did not notice the 
snddeu crisping of the leaves, which, howe\'er, in the course of 
a day became dry and rough, in two days were rolled in at the 
edges, and finally became quite dry and shrividled, but retained 
their natural colour. 

Oil Anhnals . — As the general action of digitalis, in varying 
closes, luis l)een carefully examined, and the sequence of symp- 
toms accurately noted by Messrs, Jlouley and Jieynaltin their 
experiments on hoiscvs, I sulyoin their account of tlioin. 

Six or eight hours after giving a large dose of digitalis t<o 
liorses, they stand at tlie stretch of their halter, sad, dejected, 
and without appetite, and their coat lustreless and rough. Then 
signs of general excitement appear. The (amjunctivaj are 
inj(*cted and of a bright red, the eyes brilliant and fixed, the 
face pinched, the nostrils dilated and quivering, lespiratjoi^ 
hurried, the number being 15 to 20 or 25 in a minute, circula- 
tion more rapid, the beats of the heart being abrupt, thejr energy 
Jiiuch increastH,!, and aceoinpanied, after a ceitaiii time, by a 
vilmitory thrill, with a decided metallic tinkling, ami, as poisou- 
ingigoes on, a distinct bellows murmur becomes audible, ami is 
rendered louder by any exertion ; the beats llicu show a decided 
iutoriiuttenee, and the pulse is small, thready, and intermittent. 
The heat of the i»ody is in«*reased, and hot sweats appeal; on tlu^ 
cars, nose, sliouldei’S, and fiaiiks. The mouth i.s hot, and tilled 
>vith saliva, which is sticky and scanty. The tongue is of a 

* AninaWde Che.in, ei de PhtfSiqu^, v, xxix, 

t Uevueil rfe i/W. J Pratique, S eei\, ton c vi, p. 2t7. IH-HJ (11. untl Q.), 
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piirplish-red at its tip and (sdges, and is covereii nn tlie dorsnm 
by a thick coat, which gives it a leaden hne, the f!e(?es are of" 
their normal tVnm or colour. During the first 12 Iiours the 
animals often show signs of triinsitoi i: intestinal pain. 

At the end of 2-4 or 30 Jiours tfce stage of excitement has 
passed, and the animals become comato.se, their heavy heads 
hanging down towards the litter', or kept at the bottom of the 
manger completely insensible to extenial noises or stimuli, their 
eyes fixed, without movement or expression, sometimes half 
covered by the falling lids, and at other times haggard and 
ready to start from their orbits, the pnpils grea tly dilated, and 
the conjunctiva?, juevionsly of a bright I'ed, arc now of a violet 
brown, and their secretion dried ufr. The previous acceleration 
of the respirations is now succeeiled l)y great slowness, tlieir 
rmmber descending to 8, 7, or even 0 per minute, and being 
deep, hrtjken, and ti'emlding. The heat of the body is dimi- 
nished, the sweats stop, and tlic skin hecomes cold. The heces 
are now of a browner character, and eovei’cd with a layer of 
mucus move or less thick. The urine is at first suppressed, but 
at the end of 30 or 48 hours is passed in ahundixnce, i»ale, clear, 
and inodorou.s, x'oided very fjeijiiently, and in small quantity at 
a time. Tliorc is great mH.<cular weakness, staggering gait, 
oscillation of the posterior extremities, and a kind of paraly.'^is, 
which slows their movements. In some there are slight 
vertigoes, in ofheis spasmodic fibrillary contractions of raiiscles 
c? Ae face and of the tilae nasi. The severity of the symptoms 
rapidly increases. Tlte muscular weakness becomes extreme, 
the legs are no longer able to support the weight of tlie body, 
apd the animal falks m waase. The respiration become.s more 
disturbed, .sometimes jerking, dilficult, and plaintive, most fre- 
quently very slow, Inrt in some instances slightly aeceleratexL 
In some it presents a remarkable intcrmittency, and its time of 
stoppage coincides with that of the heart when the latter also 
intermits.* In some ca.ses 24 to 3fi hours beffxre death, there 
has teen noticed a paralysis of the lip.s, chiefty the upper, and a 
thick and stringy saliva Hows from the moxtth. Diarrhcea 
appear.^, and quantities of a very foetid, soft, blackish paste 

** This al«o OCKur#* in dogs.— Exp., Appendix, 
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are discharged, and when the intestinal canal is completely 
^‘iniMied, the diarrlKca hecoiiievS serous, tiie expcdled matters 
being liquid, blackish, utmI ot a repulsive odour. The skin 
becomes icy cold, the theiiioiactcr introduced into the mouth, 
rectum, or snboiitiin(M)U.s cldlular tissxie standing in some eases 
at 31*5'' C., or even before death at 2o''C. Death generally 
comef on quietly, but is sometimes accoin})anierl V)y uncou- 
iiccted movements. 

When given in doses le.ss rapidly fatal, so that each dose 
would only produce slight sympioms, w hicli would soon pass 
away if tin* dose vvere not carefully rcpeatxal, tlie inlluence 
which it exerts on the circniation is by far the. inc>st pro- 
minent phenomciiou. At iirst tlicie is slight excitement of the 
lieart, and its pulsations are a little quickened, then, later on, 
they undergo a remarkable diniiiiuticm, falling to 25 or even 
20 per mi mile. Jf the dose bo still repeated, tlie beats become 
quickeiMind more enei'getie, risijig to 55, GO, (55, and 70. The 
cardiac sounds are more clearly lieard, more distinct from each 
other than nornuilly, and following a dillerent rliylhin, there 
being occasionally intermitteiices, usually after the same mmibcr 
of beats, but this numljer varying in different subjects, and iu 
the same subject aci'ording to the date of tlie poisoning. Tliere 
may be live or six juilsations betw'eeii the intervaks iu some, 
15 or 16 in others, and in yet others the intermissions are com- 
])letely irregular. As the poisoning goes on, metallic ringing 
rqjpcavs, and becomes more an<l more distinct luid sonoipus. 
Still later, a vibratory thrill ap]>ears, and is followed by a bellows 
murmur. As death approacdies the beats of the Imart l»ecome 
more and more rapid, being 92, 100, or even 114, The beats 
of the pulse correspond in time to those of the heart ; but as the 
lafciiKir increase in energy, in the same ratio the former become 
more and more feeble, and loss and less perceptildc, till at 
last, when poisoning is complete, it becomes completely imper- 
ceptible. 

In doses so small as to have no poisonous effect, its action is 
shown first on the urine and secondly on the circulation. To 
show tliis, Messrs. Boiiley and Keynal give tlie following 
typical case — 
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A Ilurigarian horse of an excellent constitution, employed 
in the service of the veterinary scliool of Alfort, aged 10 years. 

Normal state at time of experiment — liespirations. 16, 
phlse 37, full, raucous nierabranes trosy, digestive functions 
intact, — all the signs of health. I 

Jan. 1, 1849, 10 a.m. — 0 grains (93 grains) of digitalis 
powder tvere given in an electuary, when tlie animal Wfis^iora- 
pletely fasting. 2 r.M. — llespirations 14 ; pas.sed water, which 
was idear and plentiful. 6 p..\r. — licspirations 13 ; pulse 35. 
The water is always pas-sed in abundance, and with the same 
limpidity. The next day the effects had disappeared. 

Jan. 4, 10 A.>[. — G grams given as before. At the time of 
giving, respiration 16, pulse 37. 3 P..M. — Respirations 14 ; urine . 
clear, abundant, and odiiurle.ss. 6 i*.M. — Re.sjtiration, circulation, 
and urinary seeretion tiie same. 8 v.if. — Re.spirations 13; 
cardiac beats a little <liininished in intensity — otherwise quite 
healthy. 

Jan. 5, 7 A.M. — Conjmietivje pale, pulse 22, sm.all and not 
well felt ; the beats of the heart have diminisbed in intensity, 
leinaiu quite distinct, marked intenuittence after each heat ; 
a-espimtions 6 to 7. Noon. — Same state. 2 l*.M. — Pulse 25, 
i uteri uitteuce less sensible ; respirations 11 ; urine always clear, 
lc.ss abundant. 7 I'.M. — Lying down quietly, the litter mncli 
sotiked with urine ; pul.se 30 ; interniittencfe has disappeared ; 
respiration 15. 

^Jfyj. 6. — All the sj^mptoms of the medicine di.sap]jear, and 
the Ainctions return to their normal state. 

•Tan. 8.— -6 grams of digitalis. At the moment of administra- 
tion, pulse 30; respirations 10 to 11 ; thermometer in rectum 
38 75° C., and 8l'25°(J., in the nasal cavities — all the signs of 
lieolth. 1 I’.M. — Nothing particular. 4 p.m. — Pulso 28; jjo 
change in the rliythm of the heart ; re.spirations 10 ; urine dear, 
and in comsiderable quantity, 36-25” C, in rectum; a little ten- 
•<lerness of alMlomen. 8 r..M. — -Apj>etite good : pulse 26 ; citrdiac 
pulsations ringing ; respirations 14 : urine always abundant. 

Jan, 9. — Conjunctiva} pale; pulse 24, small, hardly sensible; 
beats of the heart enfeebled; ro-spimtlms 6; temperature 
36-25° C. 2 p.M,-— Mmgms membranes more coloured; pulse 30 ; 
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beats of tlio heart more iiiteBso: respirations 12; nrineless 
^-ibuudaut and less limpid. The functions now begun to return 
little by little to tlieir non|ial state. In almost every case wliicU 
they experimented on, tli(% liistory was exactly the same. In 
those experiments we note^a steady diminution of the respira- 
tions, temperature, pulse, and iutciisity of cardiac beats, with 
ino-roJ^e of the amount of urine, tlatse cfleets reaching their 
iiiaximmn in 24 to 3G hours, and then gradually disappf3ai’ing. 
The effects of digitalis upon other mammals and man seem, 
mleris to corres[)Oiul closely to tliose on horses, except 

that ill the lalttOA and in herVavora generally, there is no 
voiiTiliiig. 

Having given this description of its geuoial action, I will 
now consider its action on various organs more in detail. 

On the BhoiL — Majendie* states that decoction of digitalis, 
when mixed witli blood, prevents its coagulation, and Tliackrah,t 
that it suspended coagulation, and the clot at lengtli resulting 
was black. Davy says that 5SS. of extract of digitalis in 5,) of 
w.ater, aildcxl to ^ii of blood as it Howed from the arm, gave it 
the consistence of paste; after 30 liours it appeared much the 
same ; on tlie following day, the lower part was more viscid, as 
if from subsidence of fibrin — it was coagulated on dilution 
witli water. It is impossible to draw any definite conclusion 
IToni these statements, as to wlietlier it has any vSpecific action 
•on the blood or not, as the prevention or suspension of eoag\ila- 
tion ill tlie fii*st two cases may have been merely from dilution, 
and tlie black colour of the clot niav lie due to tlie colouring: 
matter of the decoction. In the third case, the prevention of 
coagulation seems due to the viscosity induced by mixing the 
-Sticky extract witli tlie lilood, and as soon as tin's mechanical 
c%t wjis removed l)y dilution, the blocxl coagulated. Orlilaf 
found, that after poisoning dogs with watery extract of digitalis, 
the blood was fluid in all the five cases in whicli lie mentions 
Its condition. He concludes that “ alcoliolic (resinous) extract 
appears to act ospiciaUy on the heart or blood, since this iluiil is 
coMtantly found coagulated immediately after death, whenever 

* (Juoted bv Lancet i 18t37. 

t Orjlla*^ Toxkologp^ by Waller, 181.7, rol. ii, p. 231, 
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this extract hasbeou applied to the cellular tisHuo, or iiitrodiiced 
iiito the stoiuach.’* This conclusion appears to i)e rather more 
.general than facts, at least those whkh he details, waraut, as 
iu five cases lie found the blood conijiilated iu belli ventricles 
only in one case, iu the ri^i^ht veiitricue completely in one, and 
partially in another, while it was lluid in tlic left ventricle iu 
both theses oases, and in both ventricles iu two others. Irf four 
cuiscs in which doirs were poisoned with digitaline, 1 found the 
blood coagulated in the right ventricle, the othet* being empty in 
one case, partly lluid and as if curdled in boili ventricles in 
another case, and quite fluid iu two otliers. 

Wliat is wanted in this subject, hov'ever, is not so much loose 
observations of this sort, but definite ex[>m iment.s on tlie changes 
of the chemical relations of the blood in regard to the inter- 
change of gases., such as Bernard made i?i refcKuice to woorari, 
and Harley has lately been doing with scvtnal of the oigaiiic 
alkaloids. 

0% the Cirmlxiiion, — Before cousitlering tlie (‘llei t of digitalis 
cm the circulation, it may be advisable to glance ai. the cause of 
llie pulse, ami the arterial tension and the rnoditicjitions they 
underg*.#.’* Tlio pulse is the feeling of a sudden rist‘ expeiienced 
by the finger wlien it presses cm aii artery, and is caused by the 
wall of the vessel, whicli had lost its cylindrical f(»rm under the 
pressure, becoming tense and hard each time that the arterial 
tension is j-aisod by a systole of the lieart, and lemling to regain 
qtigijial form in which all the jjoints in its wall olfer an equal 
resistance to the intense jiressure of tlie blood witliin. 

The arterial tension on wliich the pulse d(‘pends. is the force 
e;spended by the heart, put in reserve by the aorta and large 
arteries, and regulated by the elasticity of these vessels. If the 
arterial system were empty, and the heart began to beat, 
blood wliich it sent into tlm arteries w'ould remain there, very 
little escaping by the capillaries, fas the arteries would Ijave no- 
tendency to contract and press it on between each systole. As 

* Mnvey, Vh^HifAopw MfdivAt de Ui Cirtatlalion de Samf, 

t W JicrevLT I <he vwrorcl capillaries; I do so iu a general sense, and 
wiiliovit entering into the question as to the difference between capiVlarie.=J 
properly »o calleil, and small niteries, so tlmt if contractile power be denied 
caplUarie* proper; the word may be read arteries/* 
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they became fuller, however, their elastic force or the arterial 
tensiott would increase, sending more and more blood through 
the capillaries, till the (luaritity escaping throiigli between eacdi 
systole exactly equalled tie amount driven in each time. I'hc' 
arterial teasion would tlJen remain nearly fixed, or at least 
steadily osdllating round one point, becoming somewhat iii- 
crcalbd as each wave of blood was sent in from the heart, 
f'each wave being equal, not only to the bloo<i escaping by the 
capillaries during its continuance, hut to that escaping during 
the interval, in addition; this adiiitional amount or blood 
distends the arteries, and increases their tension), and Itecorning 
somewhat diminished as it escaped from the capillaries. The 
arterial tension may be altered in two way.s : (1) Tf, ivhih the 
cardiac imlmtions remain ike mnie (a) the capillaries be some- 
what dilated, the blood will escape more <[uiekly, and the 
tension will be dimiiushed. (b) If the capillaries be contracted, 
less blood will escape, {iml tlie tension will be increased. 

(2) The capillar ks reniaminp the same, (a) if the beats of the 
heart be reduced in mintber, less blood Ls sent in, and the ten- 
sion falls ; if they be increased, the tension rises, (b) If the 
wave of blood sent in at each inilsation he increased in size, the 
tension rise.s ; if it be reduced, it falls. The arterial tension or 
force witli wliich they tend to drive the blood through the capil- 
laries, is tMsily measured by the haunadynamometer, and its 
amount e.Kpre.ssed in inches of mercury. It is obvious, then, 
that the arterial tension is the product of iaH> factor's, viz^rsil. 
The amount of blood pumped into the arteries by the heart in 
a given time. 2. The amount of blood escaping through the 
capillaries in the same time. This was clearly enunciated hj' 
Blake,* and more fully tvorked out by Marey. The first factor 
d^jiends on the amount of blood in each wave, multiplied by 
the number of waves in the given time. The second, only on 
the size of the capillaries, and the rapidity of the flow of blood 
through blwun, and this latter, again, depends on the arterial 
tension. 

In/ ucim cf lleqriraiwn on Arterial Tension . — If inspiration 
and expiration be made with diflSculty, as, for instance, by 
* Bdln. Med* Joarn.f 1S3U. 
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closing one no.;stril, and thus obstrudliug the passage of air, the 
arterial tension \vith fV<)>iratioii aiul fails with inspiraiioi^ 
iiut if respiration be froiJy peifoi*n^;‘(l as wifcli open inontli, the 
tension witli ijispiration, and idlls with expiration. Tl)is 
ditference is duo to the pressnie npol the aorta and large vessels 
of thorax and abdomen. 

The enlargemeut of tlie tlioracic cavity during inspiration,: 
causes a vacuum which is at once iilled l>y the exteinal air, it 
there be no obstacde to its entrance^ and thus no great suctioi\ 
is exerted. If the air enter with dilliculty, the enlargement 
of the tlioracie cavity by tlie respiratory muscles acting like the 
withdrawal of tlie piston of an exhausting syringe, gieally 
lessens the internal pressnio, and causes mueli suction, the l)loo(l 
is drawn to the aorta and large vessels of tlie thorax from the 
peripliery, anvl the tension is imich diminished. During ex« 
piration, the eoutractility v)f tlie lung and the expiratory 
muscles combine to expel the air; Init this being done with 
difliculty, the aorta and large* vessels are mneh compressiid, the 
1)1 ood driven towaxds tlie periphery, and the tension raised. 
While this is going on in the thorax, the diuphragrii descends 
into tlie abdomen during inspiration, lessening its cavity and 
pressing on the abdominal aorta and increasing the tension, 
wiiile, during expiration, it ascends, lessening the pressure, and, 
consetpiently, the tension. In a normal state, the thoracic and 
abdominal pressures coiintfouct each oilier ; but when there in 
inyr obstacle to the passage of air, tlie thoiacie influence predo- 
mihates, and the abdominal, wlaru there is any hindrance to 
expansion of tlie abdominal }vaiit'tes. In the uovnuil state of 
tlie. animal economy, tlie number of the jmlsc and the arterial 
tension are in inverse ratio to each other, the law given byMarey 
t>u this point being, The heart beats so mueli the inorein^ 
qiiently the less the^dilficulty it lias in emptying itself.”^ 

I Imve entered at leiigtii on this question of arterial tension, 
as a knowledge of the hmts I have stated is iieeesflary in order 
to understand fully the Avay in wliieh the circalatiori is modi- 
fled by digitalis. 

iAci /^(fer.---When given in Binall doses, digitJilis fa‘:st 

^ Maro V, op, c'»V. 
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Ted«icos the nmnber of beiilts without rendering tlicui irregulnr. 
jfjts influence be the jmlse r(?niiiias slow, Imt 

now ancL, then a quick l)eiitjis interpolated.* Those quick beats, 
as tlic iniluenco increases^ become more ninneroiis, so tliat the 
slow beats which now o’icur only occasionally become inter- 
inissions; and in a still further stage, tlie shuv l>cats entirely 
ilisaf^^ear, and the pulse becomes regular and extremely rapid. 

Tills slowing, intormission, and linal rapidity Lave been IVo- 
quciitly examined in animals, and thongii I am not aware that 
the gradual succession * of the quick beats to the slow, wliieh 
occasioua the intermittoLce, has lM»eu shown, probably from the 
readiness with which it W'Ould escape the ol)servation of llie 
iiuger, though at once detected by the eye, yet we see it with 
great clearness in the case of Daniel (}., and tliough this was. 
not during the increase but the decrease of the symptoms, I 
think we may infev that tliese eauic on very much in the same 
order in which they u ent olt 

Some have held that there is an acceleration of the pulse 
l}ofor(3 tlic retardation appears. Jiouloy and Ueynalt notice<i 
this in horses poisoned with large or moderate doses, but never 
observed it after therapeutical doses liad been given. The 
doctrine of primitive acceleration from medicinal doses was 
advanced by Sanders, | and supported by Joerg§ and Hutchin- 
son, |j This acceleration is of two kinds — 1st, following 
on the administratkm of digitalis, and disappearing, or at least 
diminishing, much within !ialf-an-hour or threij qiiaTters; and 
2n(1, a more permanent acceleration lasting for 24 to 48 h?mT*s 
or longer : the ettect of tlie temporary acceleration not passing 
quite away during the interval between the doses, so tliat eacdi 
succeeding one raises the pulse a little higher than before, till 
at^last the acceleration gives place to retardation, and the 
number gvadully falls, passing even below the normal standard. 
Though Sanders adduced 2,000 oljservations in support of his 
view, yet most succeeding authors have ilcuied it. I liavc: 

• Case of Daniel G. t Oj?. eft, 

J Sandera, ‘ Oh Foxffhve.* 

§ Joerg,\.4re/i-. dn Med. prem. scr., tome xxvii, p. 107 (II, and 
11 HuteUineou (II. and (J.). 
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occasionally found my pnlse increaied after takitig digitaline, 
but sometimes not; and even had f the acceleration been 'frc; 
«iuent, I would not liave been able to conclude very i»ueh from 
it, as the pulse varies not only witji position but with mental* 
states, and that to a considerable exigent in a person of nervous 
teniperaineut. As to the secondary accelemtion, it is perfectly 
true that you often find, on looking over a table of the jSilse, a < 
.seeming acceleration of the pulse on the second or third day 
after heginning to take digitalis, yet it is to no gi’eat extent and 
not greater than we find in liealth. 

Though the primitive acceleration lie denied by almost all 
authorities, few doubt tliat digitalis causes lutardation of the 
pulse either immediately or in the course of a few days. T. have 
found that my pulse was .sometimes quicker, .sometimes slower, 
while 1 took small closes of digihiline, but that under larger 
doses there was raarkeii lowering of the pulsations. 

This le.ssening of the numiKjrof heats may have two causes : — 
1st, it may be central, from the heart being priiniirily affected 
by the drug, and contracting more slowly; 2nd, it may be 
from contraethm of the cai»illaries opposing greater resistance 
to the passage of blood, and by thus i-equiring greater propul- 
sive force, slowing tlie heart’s aefivm according to the pliysical 
law, that wliat i.s gained in power is lost in .speed. If the latter 
were tlie case, tlie blood flowing slowly througli the capillaric.s 
would cau.?e the arterie.s to tecome full and tense, the lieart 
would be able only slowly to distend their resisting parief.es, 
aiid that only to a small extent; so that if we applied a 
Sj>hygmograph to the artery, we .should find the line of ascent 
very oblique, the height of the curve small, and the line of 
descent also very oblique. I»ut this is not the case, for if we 
examine the tracing taken on March 15, wc observe that wiple 
the pul.se is slow and the duration of each beat long, it pre.sent.s 
the very oppo.site characters of those we liave mentioned, the 
line of ascent being sudden and abrupt, the lever rising so 
rapidly that its CIS I'lm cames it too far, so that in its descent it 
m!.ikes a point; the height of the curve is groat, and the line of 
descent is sudden and dichrotic. We see that the i>ulse in 
Daniel G. pieseuts the same characters. From these facts I 



ACTIONlON THE HEAUT. 


49 


hf'lieve we cannot avoid tl conclusion that it exerts a slowing 
actAn direetiy on the hear 

In poisjjning by digitali; fcho force of tlie pulse beai-s no rela- 
^iion to that of the heart’s i |pnlse; for while the latter is strong 
and haiuniering, the former is small, thready, and nearly imper- 
ceptible. Marey* gives this law, “The force of the pulse is not 
in cowcspondence with the energy of the ventricular contrac- 
tion, but is regulated by the state of tlie circulation in the 
ultimate ramifications of the vascular system.” Tlie force of 
the jndse increasing with the arterial tension and diminishing 
along with it, the weak pnlso that occurs in digitalis poisoning 
is due to the low tension: and this, again, as we shall see 
luncailei', probably depends on the relaxation of tlie capillary 
system, and the rapid transit of blooil through it. 

Oil the Heart . — Having seen that digitalis exerts a primary 
iiillucuce on the heart, tlie (question now arises. What is this 
action ? And, first, as to its force. Does digitalis weilken the 
muscular power of the heart ? DotiS it increase it ? or does it 
do neither, but simply lessen the number of pulsations, either 
liy ilitriinishing its irritability, and so rendering it less sensitive 
to the stimulus of the blood, or by increasing the power of the 
regulating part of the nervous system ? 

Very different opinions have been held on these points by 
dillereut authors. Stanniust .says, that after the injection of a 
strong dose of digitalis, there is at once a surprising feebleness 
of tlie cardiac pulsations, which soon changes into jiaralysis of 
tliis organ, at fii'St ptirtial ami tlieu complete ; and this he atttr* 
butes to paralysis of its muscular contractility, rather Ilian to 
any aifociion of its nervous arraugemonts. 

.lvolliker,t Dybkowsky, and Pelik.an hold a similar view. On 
the other hand, many observers have lieen inclineil, liy clinical 
olislf vution and physiological experiment, to think that digitalis 
acts rather by increasing the power of the heart; and that it 
ciui.sos doatli not so much by' paralysis as by spasmodic contrac- 
tion. Among otliers who have held this doctrine of stimulation 

• Miirey, JPhyiiol. Med, de la Cire, de Sang, p. 235. 

t Stiinnius, ijnoted by Homolle and Quevenne, p. 234. 

$ Carpenter’s Vligeielogy, p 222. 



CO ON DIGITALIS, WITH SOilK OBSEIty^TIONS ON THE URINE. 

maybe mentioned Kiuglakc, Brique| Handfield Jones, Fuller, 
Winogradoff, and Tran be. This opinion ha-s been founded "on- 
the observation that digitalis strtmg(|ien3 the weak and dilated 
lieavt, and is injurious in hyportroghy, on the increase of the 
arterial jjre.ssure often oli.served after its injectum.ihto the veins, 
and on the eoiitruetod stale of the veutiicle.s found after .death 
constantly in frog.s, but only oc;casioually in the mainl^^tL 
Mosman thinks that it act.s by diiuinishiiig the musculaifiSp- 
tability of the heart, and thus les.seaing the number of ptilsa- 
tion.s without diniinisliing their force. Others believe that the 
slowing of its action i.s produced through the nervom system, 
and probably by an iucreasoil action of that part of ife^^ 
exercises a rogiilatiug iiifhience. 

The setLleiiiout of these (pic-stious is of oxtrerno importance, 
in reference to the medicinal admiiiistvation of digilalis, incase.? 
of weak Iicart. In order to their solution, let us eousider what 
would be tire elleet of incre.asing the muscrihir power of the 
heart Supposing that the sizir of the eapillavics and the num- 
ber and size of the waves of blood reinaiued the same, but the 
muscular power of the lieart were increixscil, how would the 
arterial ten.sion be inliucnced ? 

The power of the heart being greater in frrojrortion to the 
lesi-stanco it has to overcome, it would act with greater abnipt- 
ncs.s, and force the wave of Idood more quickly into tire arterial 
system ; and as thus less blood would escape from tire capil- 
laries during the time of its .systole, th<! arteries would he more 
effstfended and the tension higher. This greater amount of 
arterial tension, in its tur n, would force the blood more quickly 
through the capillaries at first, and the tension would rapridly 
dimini.sh ; but a.s the rapidity of the How of blood would pro- 
portionally decrease, the amount pfissing through the capillaries 
in a f/km time would be mucii the same, and the mean arterial 
tension much the same, but tlie oscillation much greater. If 
now the capillaries be contracted, we will have the same 
phenonuma with a higher mean arterial tension, and if relaxed, 
a lower tension, Wc would also say that when the cjvpillarie.s 
are rjontractcMl, le.s3 blood escaping by them during the systole, 
there would be more surplus, and the height of the oscillation 
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still fartliOt increased ; bull the reverse when the capillaries 
M^rnrelaxed. But what wclild be the effect of increasing the 
size of the* wave of blood, tne muscular power remaining the 
amie ? The increased quantity of blood would take longer to 
Jje driven in, the oscillation would not bo abrupt, and, in fact, 
it would merely cause a higher mean tension. The increase of 
♦he wa^e, along with the increase of force, would cause a similar 
elfcet. 

Intermittenco or slowness of the pul.se would cause greater 
oscillation, the long interval allowing tiie escape of more blood 
from the capillaries ; the tension wo\ild fall much. From the 
length of the interval, the heart would have received more 
blood than usual, and the .succeeding wave would bo larger ; but 
there ijeiug more I’oom for it i» the arterial system, it would not 
raise the maximum heiglit of oscillation much, if at all, above 
the normal. If tlie force of Olie heart were lessened, the oppo- 
site results would talce ])Uice, and the oscillations bo less abrupt 
•and of smaller amplitude. 

liGt us now see with which of all these conditions the effects, 
observed from digitalis agree. 

In experiment 6, a strong well-fed dog was operated on. At 
3' 48" the respiration was 20, the pulse 84, the mean tension 
5-65 inches of mercury, and the oscillation 5 — 6‘5. A grain 
of digitaliue was then injected into the jugular vein. At 
59' 45" the mean tension is 5 ' 7 , or only ^jjth of an inch 
higher, but th(> o.sciUation is now 4 — 8, or 4 inches instead 
1|. 't'his increase in oscillation we have seen can bo duo only 
to slowness or intennittenee of the pulse or increase of the 
force of the cardiac contractions, as far at least as tiie circula- 
tory apparatus is concerned, and that in the former case the 
maxiojjun would not bo much above the normal, which in this 
case it is ; and therefore we would consider as proved that the 
force of the heart is increased, were it not that we observe the 
remarkable decrease in the niunber of respirations, and are led 
to inquire whether it is not to the greater influence of these, 
rather than to any increase of the heart’s force, that the oscilla- 
tions are due ; and this indeed seems Iiighly probable, as the 
amount of oscillation is so great that we cannot easily imagine 

E 2 
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it caused only by a diflVi-onee in t';(e rapidity with which the 
blood is impelled into the arteries, af<id tlie fact tliat we iioticei, 
that while the average oscillation the cardiac teats in one 
case is of an inch, that at ini;pirati(>n is 1 inch. Though 

my own ol)servatii)ns arc as yet too incomplete to enable mo 
to eliminate tlu? distiulnng eflect of respiration, and the obser- 
vations of Winogradoll,^ in the short abstract that I hav^fe seen 
of tliein, arc liable to the same fallacy, they yet seem to render 
the increase of force somewhat probable. It is obvious, how- 
ever, that by examining a tracing by an instrument such as 
the registering Ijannadynomcter of Setsebenow, which was cm- 
j)f<ned by Wiuogradofr, and which registers at once both the 
cardiac j.uilsations and the respirations, and comparing its 
indications with those wdiieh we have seen would occur from 
increase or diminution of the heart’s force, the problem might 
be solved with matheiuati<‘al accuracy, not only for digitalis 
bvit for any other poison. 

Thougli unable at present thus t:o afford complete proof of 
tlic increase of force, there is another line of argument open, 
viz., the effect of increase or diminutiou of the contractile 
power of the heart upon its impulse. If the contractile 
power be increaseil relatively to the resistance to be overcome, 
or arterial tension, tlie contraction wdll be rapid, and tho 
l)eart’8 impulse abrupt and strong. If the power bvj lessened, 
the contraction w^ill be slow, and the impulse conserjueutly weak. 
^ Though this necessaril^y follows from physical laws, some 
might yet be incHne<l to urge as an objection — “ Hut you find 
this strong and abrupt impulse in nervous palpitations and 
weaklj' })ersuns, and is it to be supposed that the power of the 
heart is increased in tiicse ? ” Hut in those cases, though tho 
power of the heart be not absolutely increased, it is relatively 
to the resistance, for the arterial tension in these cases is low. 
After thfj administration of digitalis, we find not only that the 
impulse is abrupt and strong, showing increased jxjwcr relative 
to the tensio]!, but that the tension itself is increased (Exp. V, 
0 , 25' 50'^), and the absolute increase of contractile power is 
completely inoved. 

* IVer Book Sydenham Society ^ 1662, p. 452lt 
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?rom the nature of the| impulse generally remaining much 
the sam^ till the last, or f nearly so, the jMw er of the heart 
•appears to be relatively increased all along; but as the arterial 
tension, though it may be increased at first, greatly diminishes 
afterwards, the absolute force of the heart may be, and prob- 
, ably ft, very greatly diminished before death. 

From his observations on the effect of small doses, such as 
•slow the heart’s action, Winogradoff found tliat no change was 
produced ; and. as I found (Exp. X, 12, 35' 20") that not only 
was there no change in the mean pressure, hut none in the 
oscillation, and the breathing quiet, though the pulse had fallen 
from 140 to 78, tliough Hot certain, I am strongly inclined to 
believe that the Iwce of the heart is neither increased nor de- 
creased. Later on, and after a farther close, as at 1.20', I am 
inclined to think that it may be feebler, though possibly it is 
only because the pulsations are more frequent. 

The obs<;rvation of Staunius, that after a strong do.se of 
digitalis a snrpiising wcakue.ss of the cardiac pulsations he— 
coming linally complete paralysis is oljscrved, may l)e true in. 
regard to overwhelmingly large doses ; and in the sheep, whiclr 
I killed by 2 grains, the condition of the heart was not noted, . 
hut in general the impulse is increased, so generally in fm:t, 
that often I have not noted it, looking on it as to be always 
expected. 

(2) On the Reart.’s Rhythm. — Dyhkowsky and Pelikan* found 
in frogs which were poisoned by digitaline (or other cardhic 
iwi.sous, producing an identical effect), the rhythm of the 
heart was at first unchanged, but soon after three, five, or 
ten minutes (according to the jmison), irregularity was notiee- 
ablft This was of two kinds — (1.) The ventrierdar contractions 
became })eristaltic, so that after the contraction of the auricles 
the ventricle did not contract as a whole, hut first its upper 
third, whence the contractions gradually passed down to the 
apex ; but kdbre this had contracted the upper third was agaiik 
dilated. Two or tliree minutes before complete paralysis the- 
contmetions became still more im>gular, so that the upper or 

• Mim. dr. la Soc. dfi Biotogie tome iii scr, ?, p 07. 
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right half was dilated, wliile the F)wer or left half wasioon- 
tracted, and sometimes the auricles did not contract sinnfl- 
taneously. Finally, when the ventricle completofy stopped, 
one or more palpitating points conld still he observed in it. 
(2.) Tire second form, which was especially notable in poison-'' 
ing by digitaline and green hellebore, consisted in a ijrotable 
diminution of the number of beats, the heart contracting regu- 
larly, but very slowly, just as under galvanisation of the vagi. 
This sometimes happened before peristaltic movements occurred, 
or even after their appearance. Fagge and Stevenson* found 
that the beats are not neces-sarily diminished, and sometimes 
the ventricle contracted only once for two pulsations of the 
auricles, and often one part, generally the apex, continued 
white, and contracted while the rest dilated regularly. They 
also observed palpitating points such as llybkowsky and 
Pelikan had descriLed, and liken them to little crimson pouche.s 
on the white contracted ventricle. All these observers found 
that the ventricle stopped always in a state of firm con- 
iiuction. 

(3) TmpulM , — ^Tlie cardiac impulse seems almost invariably 
to be increased both in tlie lower animals and man, and becouujs 
abrupt and hammering. 

(4) Sounds . — When digitalis is given in j)oisonous doses, after 
the pulse becomes intermittent, a change is noticed in the 
-cardiac sounds, there being first a vibratory thrill, and then a 
<J, lowing murmur with the first sound. The first I Ivave not 
■observed ; but Dr. Gamgee felt it in a dog on which I was 
•experimenting. The blowing murmur witli the first sound I 
have noticed .several times. It occurs in horaes, dogs, and the 
human subject, and probably in all mammalia. It is probably 
due to mitral or tricuspid regurgitation from irr^ular contitfetion 
of the musculi papillares. I noticed it in one dog after section 
of the vagi and before digitaline xvas injected j but unfortu- 
nately, not having listened before dividing them, I cannot say 
whether or not it was due to their section. 

On the Ark tiai Tension . — In small doses, digitalis, injected 
into the veins, causes no change, either in the mean tension or 
• Proee*d. Boy, Soe,, Tol. sir, 270. 
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amount of oscillation. larger doses it almost iuvariaUy’ 
increases the tension, soi^ietimes very slightly, at otlier times 
considerably ; and in one l^ase of Mr. lllake’s, where he injected 
it into the ai teries, the riwso \vas enormous, the maximum being 
14 inches instead of 5. The tension attains its niaxiuium in 
fclirt^ or four to nine or ten minutes, and then gradually dirni- 
nishes. The oscillation is generally greater at first, and also 
gradually diminislies. Sometimes there is a rise just before 
death, and the tension diminishes very slowly after the heart has 
ceased to beat. 

On the Capillaries . — In small doses, digitalis, while it slows 
the heart’s action, seems at the same time to contract the capil- 
laries. If we look at tlie results of Exp. X, w^e see that, 
althougli the cardiac pulsations were reduced from 140 to 78, 
yet tlie mean tension remained the same. This can only be 
explained by supj)Osiiig that felie cajullaries are contracted, or 
tliat the h(?art is sending in at each stroke nearly double the 
aiaount it did before, Tliis latter hypothesis seems extremely 
improbable, for tliougli the blood has longer time to collect in 
the heart, yet we find when the same time is given by slowing 
the cardiac pulsations directly, without any action on the 
systemic cajullaries, as we can easily d»> by galvanizing the 
vagus, the artmial tension at once falls to a very considerable 
extent. At other times we find tliat tlie tension not only does 
not fall, but rises to a considerable extent, as in Exp. VI, where, at 
3. 41' the number of pulsations was 85, and tlie mean tension 5'S5, 
and at 4. 4' the pulse was 80, with a mean tension of 7 inches — 
a fall of four beats, with a rise of nearly an inch and a half, 
lew observers, if any, have noted a higher rise of tlie arterial 
pressure than 8|- inches, which was the maximum of oscillation 
in^his case, when they injected preparations of digitalis into the 
veins, so tliat they passed through the heart first before getting 
into the systcnnic circulation, but on one occasion in which 
Mr. Illake injocled infusion of digitalis into the carotid, pushing 
it witli some force, so that it entered into tlie systtunic circula- 
tion and had thus an opportunity of acting on the capillaries 
before reaching the heart, the pressure rose to 12 or 14 inches. 
I'rom all tliesO facts, I think we must conclude that it really 
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possesses the power of contractingy^he capillaries which 'JVIr. 
Blake assigned to it. 

As the poisonous action of digittilis becomes more fully de-, 
veloped, the capillaries become dilated (and probably ptiralysed), 
the arterial tension falls, and, there being less resistance, the 
heart’s action Ijecornes pari pansu (Jiouley and Itej'nal^ ni«)ro 
violent, wliile the arterial pulse beconies more weak and small, 
and often seems ratlier a kind of indistinct wavering than 
decided strokes. The objection may be raised tliat tins is due 
to the rapidity of the pulse, and the small si/e of the waves of 
blood ; but we find that the heart is acting poworlully, and if 
the capillaries were either of the same si/e or contracted, tin? 
impulse being brisk, the waves of bloorl, liowever small, m ouM 
eacli give a distinct stroke to the finger, as is sliown by Marey/- 
Owing to this dilatation of the capillaries, and the easy transit 
of blood through them, we find that almost immediiitcly after 
death the arterial system is empty, and the venous full and 
turgid. From the patency of tlie cajallaries less of the forcfr 
of the heart will l>e exi»emled in forcing the blood through tlicm, 
and \ve would expect to find a liigher pressure in the veins, at 
least if the heart be not imicli weakem^d. This I liave not yt t 
been able to determine. It would be well also to sec, in the 
web of a frog’s foot, the changes caused by digitalis when 
applied locally or generally. 

Occasionally, however, at or immediately before death, this 
relaxed state of tlie capillaries seems to give plae<i to one of 
spasm, so that the arterial tension rises and continues at the 
same height for a considerable time after the heart has ceased 
to teit, diminishing very .slowly as in Exps. IV and VI. Tln>; 
could not |X)ssildy be owing to clots forming in the apparatus, 
at any rate in VI ; for if tlm tul>e. Iiad been stopped l»y the 
two columns of mercury would have found their level by the 
higher column decreasing, while the lower rose, and not by the 
upper one remaining statiomuy, while tlie lower one loso up to 
its own level. 

Of the changes in the cranial circulation, caused by digitalis 
I can say nothing, several trials which I made on avunifds to 
trephine and lute in a glass pLite having proved total failtires. 

♦ Marry, op c»7., p. 243. 
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the Respiration. — B<!uley and Ileynal* found that digitnii.s 
given to horses in large (h'lses at first caused acceleration of the 
respirations as well as the jmlse; and after this exciting 
action had passed away the number became remarkably dimi- 
nished, falling to 8, 7, or even G per minute, being deep, 
brokgiijand trembling, and, in some instances, remarkably iiitcr- 
ruittent, the interinittence coinciding with tliat of tlic lieart. 

Slessrs. Delafond and Dujaiyt also noticed primary accelera- 
tion with snbsecjuent retardation. My own observations on tl»c 
respiration are extremely imperfect ; and tliough I have no nob; 
of previous acceleration in large doses, such may have existed. 
In most cases, the respiration has become slower and deeper, 
and, in one case, in a dog (Exp. XTI), I noted that it was not 
only slow (S in 65 seconds), but distinctly inttumil tent, the iuter- 
missipns heing of 4 seconds' duration, and coinciding exactly as 
to time and duration with tliose of the jjidse. At the time I 
noted this, and for a good while after, I was perfectly unaware 
of Messrs. Tlouley and licynars observations. 

Ill smaller doses, tlu) primitive acceleration has not been 
noticed, and the decrease lias gone on gradually frmn the first. 
Ill one case,t after injetdaon of a small dose of digitaliiie, I 
ol)sorved acceleration of the respiration, which might liave been 
accidental ; but there was no apparent cause for it, and I had 
not noted it in the dog before, nor have I since, though he has 
been under constant ob.servation. 

In several sick persons, in whom M. Joret§ noted tlaj respiia- 
tions before and after taking digitalis tliere was sometimes 
iicceleration, and sometimes slowing of the respiration ; but tlie* 
results show nothing, and he liimself only mentions them in 
passing. M. Durozieyjl has not found any slowing of the respi- 
ration. 

On Digestion . — -In small doses, digitalis is said to cause 
increased appetite.lf While? taking digitaline 1 have had a good 

* Op. rit. 

t liulL de VAcad. de Med.^ tome xvi, p, 428 (II. and Q.). 
t Kxp. XI, vidtt p, 127. 

^ ArcAtves de J/tft/., 2 sor., tome it, p, 27 (If. and Q.)/ 

\l Thesis, Dar.s, 1853, p. 30 (II. and (J.), 

^ Germain, Med, Times and Oa:,, Sept. 7, p. 260, 1861. 
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appetite, but I had tliis as well whije I was not taking it ; « nor 
do I think ray appetite was hette? after recovering from the 
sickness caused by the digitaliue, than it was before beginning 
to take the drug, as AVithering* found, but his ol>serviiUons had 
been made on invalids. 

Its emetic and cathartic effects, %vhen given in largf^ doses, 
have been long rec<igtiised. and seem to have l;>een the tirst pro- 
perties to attract attention. Before these etfeets appear, how- 
ever, there are symptoms of digestive derangement of a .slighter 
character, consisting of loss of appetite, bad taste in mouth, 
borbor 3 ’gnii, abdominal di.slension, pain in the stomach, occa- 
sional nau.?ea, and a ^',^gue desire to voniit.t AFlien vomiting 
occurs, it is violent and jtainful. iauve+ describes its characters, 
as seen by him in dogs, as being pecidiav in the expulsive efTort 
of the stomach, far from Iteing tlie princii)al circumstances, 
as in vomiting from otlier causes is oidy tlie rc-sult of a series 
of convulsive contraction.?, beginning in the limbs, and c.xtending, 
first to the lower part of al.idfiinen, and then to the upper part 
and thorax, and nmler violent contiar;tions the Ktoinaeh is 
exposed to pressure, and expels its contents. The vomited 
matters are mixed with bile, sanguinoleiit mucus, and fluids of 
the stomach. Tiie vomiting,? arc intermittent, and the animal 
rapiflly recover.? from the effwts of one, and seems well till 
attacked by another fit, the amount vomited after the first lit or 
or two having emptied the stoniacl), being very small. Tliis 
description 1 think correct in regard to dogs, except the small 
sliare which Dr. Faiire .seems inclined to give the stouiacdi in 
the act of vomiting ; for this must be considerable, if wc maj' 
judge by analogy from the human subject, as well as by the 
extreme pres.?ure necessary to make the stomacli reject so little 
as a tcnsjxionful at a time, unless it were contracting violSlitly 
itself. The sensation I experienced, while vomiting on tlie 
morning of tlie 16th March, was a.? if the stomach were con- 
tracting with extreme violence as in cramp, much more so than 
in vomiting in general, and a feeling of soreness continued 
for some time after. The stomach was entirely empty on that 

• Withering, * On Fcorglov*' 

t Apiic-ndij, March 17. J Ed!n. Med. Jotirti., Nor., 1884, p, 461. 
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oo.?AsioTi, and nothing (except perhaps a little mucus) was ’ 
ejected. After taking iSC milligrams more, during the course 
of the next day, the A’omitiug reenrred on tlie moniing of the 
17th ; and on this occasion I vomited some bilious matter, liquid, 
and rese)nl)ling somewhat yolk of egg, and the crampy contrac- 
tion 0 vas less marked. l>r. Faure says that sometimes the con- 
vulsions seem directed towards the intestines, and after contrac- 
tions of the linihs, &c., such as he describes Itefore vomiting, a 
glairy, greenish substance, often tingeil with Vdood, is expelled 
per annul. In horse.s tliere is no vomiting,* and tlie stwls are 
first natural, tlien covered by mucus, and gradually becoming 
softer, are first pasty and then liquid, blackish, and feetid. This 
blackivsh colour may he owing, however, to the colouring matter 
of the digitiilis. 

On the morning of the 17th March, shortly after vomiting, I 
had a loose stool, but no persistent diarrhoea, and in small doses 
it seems to produce constipation, and this is occasionally the case 
even when there is a fatal result.! 

The action of digitalis on the intestinal canal is not merely 
IocaI, for it produces it quite as certainly when introduced into 
the subcutaneous tissue or injected into the veins. Tlic pain in 
the epigastrium, which I felt after the vomiting pa.ssed off, 
remained for several days, and just as it was going away it was 
succeeded by severe pain in the left side, apparently in the 
descending colon. At first I was afiaid it was inflammatory ; 
but when taken in connection with the peculiar form of^the 
stool passed on the 20 Lh March, which was that of small round 
pellets, like those of rabbits, I am now disposed to attribute it 
to spasmodic contraction of some part of the intestines similar 
to that which I think occuired in tlie stomach. 

Secretion. — On Ike Saliva — When digitalis is taken in 
rather large doses, there is occasionally a feeling of dryness in 
tlie mouth,! with some salivation, § but it is not cou- 

• Bonley and Beynal, op. eit. 

+ Case ndttted by Dr. Ma^el, Qatelte dei HdpUovx {vide Ediu. Med, Jourit., 
18J4-6,p, 170). 

t Cftic pt Daniel G. 

§ OhristiDon, * Oh Poieont,' p. 887, and Uenry, quoted by Iloflaiid, Med. 
Eotee and Ee^eet., p. 56S. 
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staiTtly observed* I have (XM^asioiially noticed the salivation 
from poisonous doses.t liouley and IteynalJ obsovvo that tlie 
saliva is rather thick, and Hows freely from the moutli. 

On th4i Semi ion of the Mucous Membrane. — Sfadion§ 

found that a peculiar affection of this niemlnvarie resemlding 
corri/a, was a cltaracteristic ayniptoni of digitaline, and I. Voiind 
that for some days before voniiting caiue on, clear dr(>ps of water 
were always gathering at my nose;ij 1)ut I had no reason to 
suppose that I had caught cold, and I believe this increase of 
the secretion in my case is confirmatniy of Stadiojfs view. 

The conjunetivar seeretimi was found by 13ouley and Ueyna! 
to be dried up in poisoning by large doses. 

On ike Siveai , — In ciises where it has been taken in doses a 
little too large, for some time there is usually profuse sw('.ating.1I 
In poisoning, hot sweats appear at first wliicli, as death ap- 
proachc‘.s, dry up and become cold. 

On the Urine , — Since Withering first bronglit the diuretic 
properties of digitalis into iiotiee, it has steadily kept its place 
as one of the best remedies under this class. But though most 
members of tlie medical }u'ofossiou l>oIieve that it possesses tliivS 
power, M. Duroxicz,** though not eutiiely denying it, maiijtai?i.s 
that it is much less frecjiicnt than lias liecn alleged, and says 
that he lias not met with a single ease clearly proving it. Dr. 
Germainott goes still furtber, and boldly declares tluit “ there is 
no proof that digitalis ))osst*sses diuretic properties, the reputa- 
ti(in conferred upon it to this effect, by Withering having been 
accepted witlioiit di.scussicn ; and that the diuresis, wJiich often 
follows wlion an amelioration of the condition of tlie circulation 
Inis been producetl by it in organic disease of the lioart, is only 
a mediate efiect resulting from the return of the circulation to 
its normal condition/'' The observations on its diuitjtic effect, 
especially in anasanra, and to a less degree in effusion into 
serous cavities, are so numerous that we can hardly doubt its 

* Holland, op, vU , p. 055. f Exp. V!, 4, 42, X Op, cU, 

I year Book Sydenham Societifj 18a2, p. 451. 

|{ I wns thcu iiinoYn.nt of observations^ 

IF Chri^li«o»>, op, HL, p. 888. 

•• Thejiis, Purb. 185S (11. and Q., p. 29G). 
ft Med. Tinted and Gax,, Sept. 7, p. 250, 18G1, 
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existence. Among others who have remaikcd it, may bo men- 
tioned Ciiristison, Andral and Lemaitre, and Hervieux. Several, 
who admit its diuretic action in disease, entiredy deny itspossess- 
nng this power in health, — as, for instance, Krahmor, Tvluyaken.s, 
Vassal, and Shohl. Othem again, as Pereira, say that it some- 
times acts as a diure.tic even in health. Joerg,* who experi- 
nientSd on several healthy persons, men, women and children, 
found the urine increased, with only one exception. Hutchin- 
son, in exijerimenting on liiinsolf, found it increa.sod in three 
experiments. Hammond, from a tliree days’ observation, says 
that the amount in liealth was 1474 c.c., and, after taking 
60 drops daily of the American tincture, found it was 1822. 
Tho amount of water in the ingesta was not determined. Bou- 
Icy and Ileynal, and Dupny and Delaibnd noted tlic diuretic 
action in health markedly on horses. In my own ca.se, I found 
tl»at, with small doses, the urine varied just as my pulse had 
done, being generally increased to a slight extent while I took 
tlie digital! lie, but sometimes not, while, with largo doses, the 
diuretic efl'ect wa.s marked, as will appear from tlie following 
table : — 


Ivb, 

2 U 

1304 ctib. cent, or 45 ’5) oz. 

Dose. 


if 

15—24 

1320 


40-6 


Grains. ( 
’■ 1 

'10 JTiillisrams of ex* 
truBtiionn digi* 
taliue. 


25— Mar. 2. . 

1303 

n 

45 S) 




Mur. 

3-C 

1216 


42 '8 


1 

r 4 mi] powdery 

1 obtained 

[ from Morson, 

»» 

7-14 

1421 


50 0 

» 

«* 

TSo 

12 millignims. ^ 

01 

ir.&io 

1137 


40*0 

if 

So 

r 30 niilligrams, in- 
1 toxication. 

if 

17-22 

1517 


53*4 

ft 




From this we notice, that with the larger do.ses, especially of 
the (ligitaline in powder, there is a marked increase in the 
amount of urine liefore intoxication api»ears, then a sudden fall 
during its continnauee, and another r ise of still greater extent 
after it has passed off, and after the medieino hud been discon- 
tinued. The actual increase in the amount of urine may to 
some appear small ; but when it is considered that the amount 
* Jporg, Arcliivet dr. Med., prrin. ser. t. xxvi, p. 107, H. »nd Q. 
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of fluid ingested is the same, and that, in a normal condition, 
very rarely him a large amount of urine been passed on more 
than two consecutive days, the distinct and pejsistent diuresis 
from the digitalirie is roinfirkuble. VVinogradoff, from his ex- 
perimonts on moderalcly large doses of digitaliue, concluded 
that it cannot .strictly he called a din retie, as it was given 
for five days without marked increase in the quantity of urine. 
The doses given were from to f- of a grain. Stadion, sub- 
.jecting himself to a weighed diet of milk, eggs, Intend, and butter, 
found that during a period of 1 S days, dii ring which he took 
digitaline, beginning with 2 milligrams the first flay, and in- 
creasing it bv one each dav. the urine was .somewhat dimini.shed. 
The amount of urine in my own case w'as marketlly dimini.shed 
during the [leriiHl of intoxication, when the gastrf)-inte.stinal 
canal was most all'ectod : and in the case of Daniel CT,,rvhen the 
pulse was most aflected, it fell from an average of between 40 
and 50 oz. to 30 oz. on Deceniijer 2, 25 and 2d oz. on the 3rd 
and 4th, and 18 oz. on the 5th and 6tli, again slowly rising till on 
the 10th it rose from 25 to 44 oz., an<l then remained at its normal 
standard. In very large doses it owas-ionally causes not only 
diminution, but total .suppre-ssiou of Urine — lasting for three 
days in a case quoted by (jhristi.sfiU,* and one narrated by 
Mazel.f Bouley and lieynal noticoil .suppression in horHe.s for 
about 36 or 48 hours, and then followed by abundant diuresi-s. 
In Mazel’s case it is not noted whether or not there was 
diuresis, OJjly that urination' was performed freely ; but as it 
was 'after rising to make water that death occurred, it seems not 
improbable that it was presents Christisou thinks that tlie 
sedative and diuretic actions are mutually incompatible ; but in 
horses Bouley and Eeynal found them distinctly co-existing ; 
and though my pulse was somewhat lowered at March 13, thojj: 
was yet diuresis. It is probable, hotvever, that when the action 
on the pulsb is so great as to cause inlermittence, tJie diuresis 
is diminished. It increases the fre<p«mcy of rnictui ition.t 
From all these observations, then, wo may conclude --(1) 

• Xtlin. MeA. Joum,, Tii, 140 j Chrutiiion, '0» Pouom^ p, SSO. 

t Maze!, Hopilavix in Edin. Med. Joum., I SO I, p. 109. 

t Med. Time*, p. jJSl. 
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That in anasarcaj especially from heart disease, digitalis acts .as a 
(diuretic. (2) That it sometimes, but not ahyays, acts as sucli 
even in health. (3) That when it acts upon the intestinal canal 
30 as to cause vomiting and purging, or wlion it affects the j)idse 
so much as to cause iiitennittence, and possibly before this 
takes place, diuresis is much les.sened, though a moderuto degree 
of rotal'dation may coexist with <luiresi3. (4) That in large doses 
it causes suppression of urine, lasting in the huanau subject for 
tlirec days. 

On the composition of the ni-ine, Stadion,* having put liim- 
self on a weighed diet of bread, bnltei', milk, and (’ggs, and 
detcvmined the noi'inal amoimc of Iiis urine and of its con- 
stituents, took digitalino for 18 days, beginning with 2 milli- 
grams, and daily increasing the dose by 1 milligrani, 
found that the urine was not only diminished in quantity, but 
its specific gravity and cliiiif solids were also diminislicd. Tiio 
acid reaction was unaltered, but the urea, chloride of sodium, 
phosphates, and sulphates were lessened, and the uric acid in- 
creased. Urea was determined by Taebig’s method, after the 
elimination of pho.sphoric and sulphuric acid and chorine, and 
the uric acid by Xeuljauer’s method. He draws the coiiclusiou 
that it causes rapid wasting of tlie body, and depression of the 
exchange of material. 

Winogradoti't from obserr atioiis made for five days on several 
healthy persons of all ages, while taking from to j- of a 
grain in the 24 hours, found that there was no marked increa.se 
iii the total ciuautity of urine, and in one case a diniinuticHi. 
In every case there was a fulling off in the quantity of urea 
and chlorides and salts which resist calcination, but there was 
invariably an incr ease of tiro plrosphoric and sulphur ic acids. 
The results wliich I obtained will be seen from the followiiig 
table, and the tables in the Appendix : — 


* Station, Teat* JBooh Sydenham Society ^ 1862, p, 151; 
t Year Book Sydenham Society^ 1862, p. 452. 
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In dotormining the amount of urea, clilorine, and phosphoric 
acid, I used nitrate of niercury for the two first, and nitrate of 
uranium for jihe last, according to the processes described by 
Neubauer and Vogel in their work on urine. 

I’rora this table it will l)e seen, that, like the pulse and the 
amount of urine, the urinaiy constituents vary eonsidcirably when 
small doses of digitaline Avere taken ; but that, when the dose 
was large, the pulse fell, the urine increased, its sp. gr. was 
diminished, the urea was increased, and the POj and Cl were 
diminished. For comparison of these results rs'ith those of 
Winogradoff aiid Stadion, I tabulate them — February 15 — 24. 
I do not reckon, as I am not sure of the quality of the 
digitaline. 
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the exception tlmt I experienced dinrosis, and liacl tlie 
iig’ca increased instead of diminished, my experience agrees with 
that of SBadion. From the largo increase of urea with less 
I believe tliat when it acts as a diuretic it increases 
J^issue change ; and the diminntiou of phosphates, I think, is in 
a great measure dtif? to the dislike to and inaliility for any kind 
►of meiilal work. 

On the Tcmjjeniinre of the Bofhj. — Ifessrs, Bouley and Eeyual* 
found that poisonous doses of digitalis produced . first increase 
and then decrease of the aniinal temperature, blit that thera- 
p,,'Utic doses caused a steady diminution, witlioiit, jW'evipii^ 
iiiesease ; Messrs. Aug, Dumcril, Demarquay, and Xecointeit in 
t'X])criincntiiig on dogs with digitalis and digitaliiie, the latter 
in the dose of 10, 20, and 25 milligrams, and the extract of 
tligitalis 1 to 4 grams in a period of 11 or 12 hours found 
l)ju leiupcrature rise eight times from 1^ to 2®, and in the 
only ease in whicli it was lowered they used 50 milligrams of 
♦ digitaliiie, and death ensued within the hour. Schwelgue says 
the fall <)f the pnilse is accompanied by a fall in the animal 
t(Uii)KU‘iiture. fn Exp. XIIl I noticed a remarkable diminution, 
the aninial, h.‘oliiig a:s cold as if dea«l for some liours before death 
iietually occurred, and in several cases I have noticed the limbs 
grow cold a little wliile before death. Dr. Ma/el,;J' in Ids case 
of [xjj.soning, noticed that tlie temperature of the skin in those 
■(•/aits exposed to the air was lowx'r tlian usual. HertzJ says 
tliat there is first increase aiid then decrease of the tempera- 
tuie. Traubell found that when infusion of digitalis was given 
iu acute rlicumatism the temperature fell cither with or a short 
tiiue after the reduction of the pulse appeared. Sehiieidcr[i 
i'ays tlial the lowering of the temperature is independent of tlie 
ir^lowi^g of the pulse, and begins from 3G to GO hours after 
I'eglmiing to give Uio medicine ; while the foiiner begins witliiii 
from 24 to 48 haul's, and they both continue to fall after the 

* Op, cit. 

i Comptea Jlendus, Mtii, 1851, p. 801 (II. and Q.). 

Z Med^ Journ.y 1864, p. 168. 

§ Jitdl, de Therajp.y H^h, 28 and March 15, 1862* I'ear Booh Sj/denhafn 

1802 , p. 110 , 

il Anmalre de TUrapeuiUiney 1859, pp. 82-88. 


P 



C6 ON DIGITALIS, ^ WITH SOME OBSERVATIONS OH THE UlUHE. 

remedy has been discoii tinned, Wunderlich’*^ says that when 
digitalis is given in typhoid fever, in doses of 30 to 60 grains 
three to live days, a remarkable diminution of the rAimbei' of 
pulsations, simultaneoiusly with marked decrease of temperature^ 
takes place generally about the fourth day, and thoy fall after 
llie modicine is discoTitinued ; but the etfeefc on the pulse is 
much more permanent than on the temperature, lasting in ninny 
eases for several weeks in succession. It should only bo use<l 
when the pulse is 120 and the evening temperature is 105'’, and 
with slight nunissions ; and less of t!io drug is refjiiircd to 
produce its cficels than in pneumonia and other acute diseases, 

.Notwithstauding the opinion of M. ?>(.:lirK‘idor, it seems 
-probalde that the diiainution of tlie lemptuMture from thera- 
peutic doses of digitalis i]t;i>ends, at least in liie first instance, on 
tlie slv)vver circulation of the blood through the peiiplieiv; lint 
though the v/ciglit (jf an(h«.uity is in liuour of this oi^inion^ it 
is possible that the diminution is owing to alteration *, if tissue 
change, and that another alteration, is ili «3 cause of the temjicra- 
turo rising while thi‘ pulse lernains vs]«.>\v. I think that it is not 
so mnoh to tlie eljunge in the circuhUion tliat the coldness in 
poisoning is owing so mucli as t<» aUsolutc decrease of tiie animal 
heat, f»')r on one occasion the Ineath felt cohl to the luind, and 
iiie relaxed state of tlie capillaih. s, while it wouhl aid in rapidly 
•cooling the Idood and Urns the internal pca-t.s, would iatlun’ tend 
to kc-ep tlic pcripliery warm. 

Traube thinks tliat the lowering of th(5 tcmijcrature is due to 
hiss rapid oxygenation of the blood from tlio slower cuiTt.ujt 
1 luougli the lungs. 

(?/<. the Nervous System , — In large doses in animals digitalis 
c.f'lccts both the sensoiy and motor syBtein, causing a comatose 
ov semi-comatose state, and insensibility to external impres- 
sions, muscular wa;akness wdiich causes a stumbling, uncehiairi 
gait, and an appoiirauce of a kind of paralysis of the Jiind 
epuirters, so that the animal with difhculty drags them after 
him. In some cases there are twitchings of the muscles of the 
face and alge nasi, or tlie muscles of tlie skin over the body, 
causing an appearance which is sometimes mistaken for convul- 

* Med. Times and Gaz.^Jxxlj 12, 1S62, and Arch. d. EeilJc.^ 1S62, p. 118. 
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sio!%s ;* and in other cases, and perhaps more frequently in dogs, 
least there is staggering as if giddy, and convulsive move- 
ments oF flic extremities. 

* In smaller doses it yiroduces giddiness, lieadiieho, tinnitus 
miriiun, disturhed vision, dazzling, weariness, languor and 
gener(|i^ prostration, and in some cases a kind of intoxication, 
weakening of th(3 intellectual faculties, and liallncinations and 
(li-lirium, or even symjitoius of acute mania. In some few cases 
iii.gitalis nets as a so|) 0 )ific. I am not sure whether to attribute 
it to the digitaliiic or look upon, it merely fis a coincidence; but 
on March 5, after taking 12 milligrams of .M'or, son’s digitaline, 
I expcrionccd a remarkai)lc slee]»incss at iiiglifc, whicli continued 
till the 12tli, lien symploms of abdominal irritaiiou began to 
iirrnifcst tiiemselvos, and these increased till vomiting occurred. 
On the Idt.h I hit grtait lar^guor and }*rnstration, and either on 
tlris day, or at least wliilc tlio languor continued, tlie mental 
fiiculties seeimMl enfeebled, as, while reading for an cxamiiia- 
liou, the glanced over tlie words, but the mind refused to 
receive or retain tlicir import. The derangement of siglu- 
wdiieh. 1 noticed was of two kinds — 1st, a general mistiness 
of oiyoets, such as is se<Mi before fainiing; aud 2nd, a large 
bright spot adv'MiK.ditg before me, whu'h sometimes resembled a 
riijg showing iu:i.siiiiU;io colours faintly, and similar in character 
O', Ui<.)iigi! less distinct than, that semi round a light vdioii digi- 
t iiine has been introduooil into the eye. I'lie lieadache occa- 
sioiuHl l*y digitalis sometimes, as in tho case of Daniel G., 
persists for some time after the medicine lias been disused. 

The niotor nerves of luusclest have their power impaired by 
digitalis, as the musclos of the Limb of a frog, which was 
‘pievontcd }.\v a ligature from receiving the poisomal blood 
cireujjttting thnmgh tlio rest of the body, prescvN'Cd their exeita- 
l^dity from oiglit to sixteen hours longer than tht> other limbs. 

Avlifm on the ICycH, — When digitaline is introduced into the 
oyo, It causes smarting and profuse laclivymatiou, which passes 
in a short time, and nothing more is fedt, exta pt peiiiaps an 
occasional rough feeling of the conjunctiva, till four or five 

* .Bernard, Leqons de l^h^aiolo^ie^ 
t Mem* de la JSoc, de MioloffiCf tonio 3, ser. 3, p. 97. 
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hours after, wiien, on looking at a light, you seo it surrou ivied 
hy a halo, presenting the prismatic colours, and not quite cloSti 
ronnd tlie light, hut with a dark space between. '!l'his halo 
increases in diameter the farther you move from the light, and 
becomes smalhir and narrower as you approach. I liave noticed*’ 
an appearance exactly similar when light cirrlii were c^issing 
the moon, llomolle and Quovenne say that a slight opalescence! 
is noticealile in the len.s (cry.stalline), and the pupil is .somewhat 
dilated and loss contractile. I did not notice any particular 
di!ierence in the puinl, and the aj>iKMranco. is not due to its 
dilaiation, for I found it quite distinct on looking through a pin- 
hole in a card. Though on looking I eould not detect any 
opalescence. Messrs, llurnolle and Qnevenne an' proliahly right, 
as to there l,>eing opalescence somewhere, for tViis would produce 
the efVect noticed. 

On th'. Uterus. — Mr. Dickinson* found tluit iligitalis has a 
powerful inthicnec in causing the ntern.s to contract and stoji 
luemorrhage. A few miiiute.s after the drangdit of _^i.ss. of tlie 
infu-siou is swallowed, the patient coinplaiu.s of acute pain in 
the hack and liyiioga.stiium, like tliosc of tiic iirst stage of 
labour, then blood, solid and fluid, is ejected, and the discliarge 
is ab-scut for some hours, when the pain .salisides, and it 
returns, but less and lcs.s, after each dose, till it. disappears. 

On the Genital Organs. — Stadioiif finds that iligitali.s ami tligi- 
taline po.sse.ss tin? power of temporarily annulling the. activity 
of the sexual organs, and is thus a true autiaplirodisiac; with 
ffiis concln.siou I am disposed to agree. M. l>rughman.s+ has 
.staled the .same thing, and advises its use wherever tnrgidity of 
tiiese organs is to be averted, whether as after-treatment of 
surgical optwations or for other causes. 

Mode of Jdimi of Di;/Halu. — Having considered the general 
action of digitalis, and tljc manner in which it affects dilferent 
parte of the animal economy, we now come to a question of 
great difliculty, and one on which there has been much dispute 
— the mode in which it acts. 

♦ Med, Chir, Trans,, voL 30, p. 4. 

t Year Hook Sydenham Society, 1862, p. 451. 

J Ueoue Med, Chir,, Puris, Pec. 1858. Htilf-yearly Abst., toI. 24, p. 108. 
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aroDE 9F ACTION OF DIGITALIS. 

’J'bis question has generally been limited to the mode in 
vhich. it alleeMs tlie heart, and the two great tlieorios on this 
point — ( 1 ) that of Traube,* who ttiiuks that digiudis 

fjxcrts its infhience on the heart through the regulatory (vagus) 
^aiid iiuusr’nlo-moh)r system of nerves; and (2) tliat of Dybkow- 
skv, relikan, and Kiilliker, that it ex(.‘rts its iuaioii on the 
► regid^iDI? motor apparatus, centained in the lieait itself, 
wilhout the inten vontion of the vagi. 'J’rauhe at first proi>ose(l 
the theory that iligitalis (1) fast siiimilated the regulatoiy 
norves, (2) paralysed tliom, and (o) parahsed the niusculo- 
motor nerves. TIio innseulo-motor nerves are the cardiac 
uaiigha, which c ni of themselves carry on thi‘. rliylhinical 
movements of the heart; hut these arc aided by the sympa- 
thotic, as, acconliiig to the theory of Von Tx^/dd, the cardiac 
ganglia originate continuous excitations, which, imHiting with 
constant resist anct' in the (cardiac nerves, are only abh‘ to over- 
ctanc it periodically, aial Ihtm to act on tlie* nnist'idar tassuo. 
To these ganglia two sets of fibres pass froiii the (Muilral nervous 
— *‘One set readies llie heart pai tly ihrougii the cervical, 
and partly through the dorsal and bnid>ar portions c‘f the 
s\'in]>aihet:ic eord. The latter fibre.s originate in tbo medulla 
oblongata, and desr-ending to the cervical, and to some extent 
through the dors:d and lumbar parts of the spinal coni, emerge 
at: niany diilereiit points to mute with the sympatlieiic nerve. 
The function of nil these fibres consists in cmivcying an exciting 
iidliuvneo from the medulla to the lieart, so that tlie resistance 
iu the cardiac nt*rves is more frequently overcome, and ttie 
heart l.)cats more vigorously and with greater rapidity. Tim 
sccoml set of fibres, vvlum acting, increase the resistance, and 
they run in the vagi, and probably also originate in the 
3ue(^|illa. When strongly excited they can increase tlie amount 
of resistance to so groat an extent that it becomes superior to 
the eoiiiluncd iidlnonccs of the exciting system of the medulla 
oblongata and uf the motor system in the heart itself. After 
a short interval it diminishes, and the .successive discharges 
of tlic automatic centres can then reach the lieart, thougli 
after somewhat longer pauses. By galvaui/Jng tlio va.mia 

* Year Book Sydenham SoctefVy 1 So2, p. 153. 
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this resistance is much iucrcasert, and the heart stops in 
diastole. 

The series of expeviments on which Traubo founded his views 
were as foiloM'§; — He injcuted infusion of digitalis of such a 
strength tli£|b one syringe-fnl v^as efiual to the extract bf 8 
grains of digitalis loaves, Into the veins of dogs, and found that 
wiiile salt and water produced no effect on the pulse, a^^d one 
syriuge-ful of infusion raised it from 128 to 182, four syringe* 
fuls brought it down to 82; while after a fifth it suddenly 
KKse to ItiO, and in 10 iiiinntes more to 174. In another, with 
a pulse of 108, it was reduced by 2^} syritige-fuls to ."8, but 
with § of a syringe-ful more it rose to 202. Several otiicr 
e.vperiments gave an exactly similar result. To lind whether 
the action was through the vagus or not, he made seven more 
experiments. In one, for ex;miple, after reducing tlio pulse 
from 121 to 48, the riglit vagus was cut, and in two minutes, 
wlieu again counted, the pulse, was (hi. On dividing the left 
vagus it then rose to 204. 'J’he same re.sult was obtained liv 
dividing both vagi at the same time. After dividing both vagi, 
the slowing of t.he juilse after the injection of digitali.s wa'^ 
hardly observable. From these experiments Traube concluded 
that digitalis (‘perated through the regulating system only. 
This theory wa.s very generally adoptcal foi' some time, hut 
Winogradoff, finding iViun experiments with the hanuadynamo- 
meter, tiiat when tlie instrument was inserted into an artery, 
and the vagi stiiiuilatod so as to cause slowness of the puls.i- 
tvms, the arterial ten.sion immediutely fell : wliile, when the 
slowing was produced by the injection of digitalis, there was 
neither increase nor dimimitiou of the tension, concluded that 
Tnmte’s view wa.s erroneou.s, and totally denied that the slow- 
ing of the pulse, produced l>y digitalis, wa.s through stimulation 
of the vagi or medulla oblongata. Traube being thus imraeed 
to re-consider Ids theory, made .some experiments by injecting a 
weak solution of w oorari into the voin.s of a dog, and keeping 
up artificial ,ve.spiration to obviate the disturbing inUnonce 
which the rise in tension conseqjft^t on division of the vagi 
would have eamsed, and then iujeeling infusion of iligitalis, ho 
found that tho tension rose in •lah^iijustanec from 1.0!) to 260 
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inSlinuitrcs, attaining its maxiinuin in two or tliree rnhuites, 
fiiid tlien gradually declining. 

Traiibo was tlius lead to i*e>mould his tlieory, and to say that 
ac first there was stimulation of the luusculo-ihotofy as \vell as 
the regulatory system, that th^ arterial Uuisioii was the product 
of tl^se two factors, and that digitalis linully paralysed both; 
and here the theory at present stands (as far as I can find out). 

Wiien we look at Tiaubc's lirst experiments, they certainly 
seem ];erfcctly conclusively to prove that digitalis acts tlirough 
the vagus, and this I certainly believe to be tlio case. Wiuo- 
gradofi's denial of tlii.s is based on billacioiis rea.soning, assuming 
as ho does that because irritation of the vagi does not possess 
the siiine acti«>u as injection of digitalis, therefore injection of 
digitalis does not produce the sanie etibet as irritation of the 
vagi : whereas tlie action is the same so far as the latter goes, 
l.ait tlio former possesses the additional power of eontmcling 
tlie capillaries, as IJlake slmwed so long ago as 1SM9. 

Tiaube's thcoiT also is very imperl\:^ct, for he makes the 
arterial tensio]i the jn’oduct of wliat is leally only one factor, 
leaving altogether out of account the other equally important 
one, the of the capillaries, and, as I have staled before, if 
the ca[»L[larie.s remain the same, and the iiuml»cr of cardiac 
pulsatiojis be duninisheil, no amount of Ibree wliich each niay 
exert from stimulation of the lausculo-raolory jiower will do 
anything whatever towards raising the arterial ieiisic>n l)y the 
iliminished quantity of waves and consequent amount of blood. 

(2) The second theoxy, that of Mc*ssrs, IJybkowsky ifiid 
Pelikan, and (KbUiker ?) is that (a) digitalLs exerts its action 
directly on tJm regulating and iiuisciilo-inotory api»a.ratus in the 
heart itself, and (6) not tlirough the vagi, as their action is not 
delayed or altered by de*sl.ructiou of the medulla obl<mgata or 
division of the vagi, or ly the pi-evious administraiion of 
woorari. The first part of this theory seems borne out by the 
experiments of Euhniburg and Ehrenhaus on the cxtirj>ated 
heart of the frog, which, when its lower third was immersed in 
a solution oi^-digitalino, its = motion completely stopj^ed, if 
the solution was tf weaker it became slow and 

iniermittent. \\"e we cut the vagus and irri- 
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p^.4i8t4l cut! the pulsations aro slow, anil the s^aic 
result takes place if We apply galvanism to the uncut vagiig, 
anil it is only itatufal to suppose that the poison drculating 
over the liSart's parietes ni^t att either upon tlie terminal 
branches of ‘tile nen’e, or on the ai'paratus in the heart on, 
which these llranches act, and through wliichtliey produeg. their 
effect, just as upon the central end of the vagus, though prob- 
ably with less force. The second part (t) of this theory I am 
not inciined to accept, because M. Traube’s experiments, I 
think, pnis e that the action is altered in mammals liy the divi- 
sion of the vagi : and although ilessv.s. Dybkowsky and I’elikan 
state that they have found the same results in mammals as 
in frogs, they do not give definite details like M. Tranhe ; and X 
am further hindered from accepting it, as in one of the two frogs 
which I have lieeii able to obtain, and which was poisoned 
witlv vvooiari, its heart laid hare, and liret a moderate, and then 
an enormous dose of digitaline introduced under tlie skin, the 
action was not so marked and distinct as Ityhkowsky, I'elikaii, 
Fagge, and Stepliensou descrihe it to lie. 

The hypothesi.s that 1 have raysedf formed in regard to tlie 
action of digitalis is .a.s follows: — 

Digitalis causes contraction of the small arteries, and at the 
same time aets on the icgulating apiiaratus of the heart, both 
directly, and to a much greater extmit thrmigli the vagus, tlius 
causing slowing of the heart without loss of tension; it sfimti- 
latos the mu-sculo-motory ap[>arat us, causing increased force of 
thh cardiac contractions. This primary .stimulus then gives 
place to paralysis — first partial, and then complete. The regu- 
lating force gradually loses its power, so that (he iiiusculo- 
moUny power causes a quick lieat to 1 >e occasionally interpolated, 
as the regulating power gets eufeehlcd, it can only o!'ca.sj'>qgilly 
assert its influence, and the pulse, formerly .slow with occasional 
quick heats, is now a quick one, with occasional slow beats or 
inter missions; a.s the roguluting power hecornos entirely lost, 
the intermissions disappear, and the pulse hecon|||; regular but 
very quick, the capillai-ies %feo 

dilated, hut occasiontilly, just’Wfqre d^tl^j^llidyijfe'-pnie spas- 
inadically contracted. The musculodnoteP power jgets weakened, 
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th% fibres connecting tho different gatfglia of the heart, and 
tidiich bv kcey)ing up a perfect correspondence between the 
(liffTont ganglia, enable the heart to contract rhyfcbinicaUy,now 
ceinj^cy impressions slowly and imperfectly ; the different parts 
lof tho heart no longer work in unison, and the contractions 
Irccoi^e irregular arid peristaltic ; by-aud-hy the fibres do not 
transmit impressionKS at all, and the ganglia working iu inde- 
pendence of each other, we see some continuing to make the 
litiie an‘a they sii])ply pulsate when the rest has stopped, and 
linnlly the ganglia themselves heronuj ]>aralv.sed, and the heart 
remains motionless and contracted. TUit it is probable this 
stimulating inlluonoe is not exeiled on Ukj heart and capillaries 
alone, lait on involuntary muscular fibre throughout the body, 
or on the sympathetic nerves which sup])iy it, since we find it 
causing contraction of tlie stomach, intestines, and uterus, and 
ill tliose organs also, its sti^^mlating ellect would probably be 
followed In ])aralysis. Not only the nerves are atVectel, but 
the power of the muscular tissues themselves is inijiaired, as 
siiown by Dybkowsky and Pelikan, wlio found that when two 
muscles w(n’e taken from a frog, one luiving lieeii taken from a 
leg which tlie poison was prevented from reacliing by a ligature 
applied previous to its administration, and the other being 
taken from the [joisoned animal, the curve described by the 
former in the myographioii was nnich higher tlian of the latter, 
showing its gvciiter power. 

The causii of death from digitalis seems to be stoppage of tl^e 
bean s action, and derective supply of blood to the nerve cen- 
tres. When <leath occurs from not very large doses, it seems 
oiten to be caused by some slight exertion at the time. As in 
the case of Daniel G., the pulse was of low tension and irregular, 
and #]ien we know that any exertion still further lessens the 
tension, we can easily imagine how in sitcli a case there might 
be syncope ending in death. This seems all tlie more probable, 
as I noticed on the 17th of March, besides bright spots, a kind 
of haziness su^k as one sejes before fainting, though not of so 
i'aarked a cha|i^,|e 3 ?^ 

There are several wliicK I have not yet made up my 

Hixnd about, such as £1 i 6 reiharkable intermissions observed in 
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the pulse aud respiration coincidentlj', the topical actiow of 
digitalis, the points of resemblance and dillerence between it 
and other cardiac poisons, and its action on the blood and 
capillaries, but I hope that I may yet bo able to clear up 

Tiieuapeittic Action, 

Soon after Withering announced the property digitalis 
possesses of slowing the heart’s action, physicians began to 
emi)loy it in l',a;niorrbages, and rerriar especially used it in 
hasmoptysis. in the early stages of phthisis, and tlioiight it might 
possibly heal \decrated cavities in uiore advanced stages. JJr. 
Brintou thinks it is the best remedy for laemorrliage from pnl- 
inouary cavities, in the dose of 30 to 90 minims every four or 
six hours. It is also sai<l to be useful in epistaxis, and .Mr, W. 
II. Dickinson found it td: the utmost service in menovriiagia, 
curing in a few days a case thouglit to be almost at tiie point of 
death. He gives the infusion in the dose of tlirce times a 
day. He thinks tbiit as an oxytoxic it is quite as powerful us ergot. 
It is from the .eontraction of the uterus itself, and not from tla? 
contraction of its ve.sseLs, that tlie bouelit is derived ; and ibis 
idea he supports, not only by showing tluit it causes pains like 
hibour pains, and expulsion of clot.s, but that, in a case of fun- 
goid tumour ot the os, it did no good whatever ; while, if the 
benefit liad b<;eu from the contraetiua of the ves.sols, it oiiglit 
to have been as great iu this case as it is when the cause of 
hemorrhage is within the uterus. Fcrriar thought that in 
intiammatory lever it wa.s useful instead of bleeding aud purg- 
ing, and (’urrie confirms his observations, saying he had found 
it useful, not only in acute inilanimatiou of the brain, heart, 
and lungs, but in acute rlieumatism. Several continenbd 
authors have homo favourable te.stimony to its use m]|icute 
infiammatiou. Ilirtz gives a case of pneumonia, which ho 
treated first by tartar emetic and venasection ; but in two days 
these produced no amendment, the pulse remaining at 118, and 
the temperature at lOdfi^. Digitalis wa,s then given for 
two days, and the pulse fell to 82, aud tlio ternp^jaturo to 98'fi° 
Although the medicine was liujw diseoutiuubd, oh the third day 
the pulse was 53, and the temperature Keturning crepi- 
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tfi^fon was now heard oh the eighth day. of the attack, and 
pulse and tcruperatii.ro began to rise, and three days later the 
jmtieiit was convalescent Ho has found the vsamc lowering of 
the pulse and tuinperatnre in acute broncliitis, pleurisy, acutti 
plifiiisis, and acute rlievunatisnn lie has rarely seen diuresis, 
and aievor met with any bad results. The amount taken lias- 
varied from 7 to 37 grains. Ho thinks tliat venesection may 
be used with the digitalis. In pneumonia, Millet abjures vene- 
sectioji nearly altogether, but combines the digitalis with 
keriues giving to adults on the first day -Ith of a grain of 
cacli every hour, and gradually increasing the <lose l)y 
of a grain daily, so tliat on the ninth day the dose is of 
a grain. The ineducine is not sto|)ped at once, when improve- 
inent takes place, but is continued some time longer. Inijirove- 
uient generally 0 (‘curs about tlic sixth or cigiith days, and the 
eirculatiou is then affected. Among 87 cases of cliildrcn, of 
whiel.i 53 W'ere very l:>ad, with rnucli delirium and adynamia, 
ilicre was but one d(3atb.. Oppolzer gives it in small dose.s, 
filoug with ipeeacuan and cold cffusioti externally, wliero the 
dyspiKca is more from tlie fever than from local olianges. I.a 
reference to a case of pneumonia, Traubc remarks that the 
rapidity of aelioii of digitalis varies much in dillerent cases, 
taking mucli longer if llie person be strong, and the disease at 
its lieight, than when it is near a close, or in a chronic i;*ase. 
Schneider says tliat in acute intlaminatiou digitalis, in rlosiis of 
2-^ to 3-^ grains every two liours, reduces the ]>ul.=;e, and lowers 
the temperature of tire skin. These cii'ects, he says, are inde- 
jimulejit of each other. CTutterbuck advocated its employment 
in conliirned fever. Wunderlich recommends its employment 
in severe cases of typhoid fever, when the evening temperature 
ris^il above 108^, and the pulse one-half in the second week. It 
has been proposed as an anti-periodic in ague l>y Davy. Graf- 
fenouez', Gerard, and Boiiillaud have treated between 40 and 50 
cases successfully l)y it. 

NervoiLi Affections. — Sevre, by the use of Debout’s pill of 
quinine, 1^ grains, aiid digitalis, gr. ^ th, every night for three 
inontlis, has eared several eases of long standing homierania, 
and, among otliers, his own, wdiich liad lasted 15 years. Doisou 
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has useil a pill of musk, 1 grain, ext. digital., grains, apd 
C-\t. opii gr. in iieumlgia, and its el'lbcts he describes as being 
magu’al. Mr. Ilardwicke gives i grain of the powder in the 
saino afiection, and will) siniilar results. According to ThomaSi* 
it effects a permanent cure in einlepsy ; and Parkinson, 
(Jorrigan, Cirimpton, Sharkey, Nclogaii, ami Duclos, have all 
employed it with success. In the second stage of general 
paresis of the insane, that of mental jdieimtion with maniacal 
excitmnont. Dr. C. L. Itobertson says, tinet. digit., in druses of 
ss., is a spociiic, calming excitement and enabling the patient to 
pass throngli tliis stage without wear or irritation. It steadies 
the pulse, and thus supplies the brain 1 >etter with blood, and 
<jl>viates the tendency to ettusiou of scrum, consequent on in- 
flammation going oil ill tlie arachnoid or pia mater. 

In deliriniu tremens, Mr. Tl. M. Jones roeoinmonded ^'^ss. of 
tinct. digit, at the first dose, to be repeated if necessary in four 
hours, and in some cases a third might be given, winch did not 
exceed 51 !. It failed to produce slec)) in only tlirec amis out 
of 70, in 07 it was tije only remedy us<h!, and GO recovoi ed, 
the fatal ease having a tumour of the brain. Peacock tliinks 
this treatment especially useful in young ajid strong persons, 
find where tlie attack lias been tlie immediate result of s]>irit 
drinking, and believes that iu full doses it do(?s not produce 
the (lcpros.sion wltieh wo would expect. Carey records four 
successful cases. 

In anasarca, especially wliere this depends on cardiac disease, 
digitalis is one of our most potent remedies, especially when 
tjomiiiiicd witli squill, which is also a cardia^ij ]a>ison of tlie 
Bame class as digitalis. Withering* says it succeeds liest when 
the pulse is feebJo or intermitting, the eoiinteiuuicc pale, the 
lips livid, the skill cold, and the swollen belly soft and ihu^uat- 
ing ; but it seldom succeed.s in men of great natural strength, 
tense fibre, warm skin, and florid complexion, or those with a 
tight and cordy pulsc‘. Iu serous dro|>sy, its good efiects are 
not so marked, and in eiicystol dropsy, it is totally useless. 
By some the infusion is preferred to the tincture «ts a diuretic, 
and it is beat to give it iu half -ounce doses, three timc!! a day. 

• and Stovcnsoii, Proceed^ Soy, Soc,, Mav, 18C5. 
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T1?!s action Hiny soinetiines be induced by cloths soaked in the 
liblusion npoii the abdomen.* 

As a sedative it re(juires j^jjreat care, and, when tlie circiila- 
tioif fails, the renuMly sliould be i;onutted ; find though Sir 
•IL Holland thinks that doctors arc too inucli afraid of the 
interifcittenco caused l>y digitalis, I think it is a wholesome 
(Imul, and that when this sign appears they should at once stoj) 
the juodiciue, and have sliunilunts at hand in case of need. The 
tincture in iloscs of 30 minims is of great service in nervous 
j)ali»itation, probably, I tliink, b\^ inducing ct:)ntraetioii in the 
ca]»illaries, and, by thus raising the arterial tensuui, restoring 
tlic normal circulation. 

With just one word of warning, I will close this brief siun- 
niary of the therapeutical applications of digitalis, and that is 
to those who, thinking that there can be no danger in giving 
(ligitiilis to thos(i with very W’cak hearts, and that indeetl it is 
tlic best tiling for lliein to use it indiscriminately. 1 believe 
that 1 liave ju'uved that it increases the force of the cardiac 
]mlsation.s; but if, while the inotoTMxcuTCS W'ere stiinulating it 
to contract, and the capillaries at tlic sa]ne time were opposing 
;i resistance, tlic flbi’cs of the lieart itself were not couijKhseJ of 
sound muscle, liut wei'c fatty and friable, some of them would 
he i>rett y sure to niptiirt!, and the results would l»e disastr<>us. 
I therefore think that, in cases of fatty heart, great caulioii is 
necessary in adminisieiing it. 


OBSEHVATIOXS ON THE UEINE. 

W^hiii late years the attention of physiciaTis has been turned 
Jnucli more tlian formerly to the observation of the urine for 
pxvrposes of diagnosis, and physiologists liave carefully noted 
the changes it undergoes in various circunistaiiees, for the pur- 
pose of determining the way in which tliese circuinstaiices 
alfect the interchange of material iu the living body. 

Having lately inade a very extensive series of observations on 


♦ CLHstison, Dispematory, 
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ihx^ iirine ancl urinary constituouts, \vitli a view of c]eterminii% 
if possible, the cliangos efTeoted in tissue changes under the use., 
<>i* digitalis, I liave thouglit it not out of place to note down the 
chief i’acts which 1 have personally ohscrrcd, and, in doing this, 
I will adliere strictly to the order adopted by Mr. Parkes in nis 
excellent work on the Urine. 


Amount of Coxstjtuents. 


In llic ch'ango of French into Knglish weiglit, T have reckoned 
the gra-inine as ogual to 15*43 grains, and tlie English iluid oz. 
as ecjual to 28*4 euliic contiiuetrcs. 

On an average of 150 (drscrvatiuii.s, chiefly taken during 
winter, but a lew during summer, I find the amount of 
wvim 1124 cub. cent, or 39| ounces. 

Tlio maximum amount was 1855 c.c. or 05 ',} 

Tlie miinuium „ ,, CIO „ or 21^ „ 

This dif'fereuee is, liowcver, much main lhan my nonuah the 
one being in suniuior and the oilier in wiulor; and, luoir'oveiv 
the large nuiiiber occurreii after I luid Ijceii taking digitalis. 

My mean variation, from the lowe.st to the Inghest, is about 
487 C.C. or 1 3 J oz. 

This variation amounts to more than a Ihiid. of the total 
nmouat, and this is therefore considenibly abt>ve tlie average, 
whicli is 

Urea . — The meaji amount of 105 analyses of urea is — 

33*44 grams, or 5IG grains per day, 
1‘39 „ 21^ „ jjer houi'. 

Tiie mean variation is 9*36 „ 14 „ or ratlier 

more tlian wliile the average amount is Jth. 

Ilioq.^Jiorln Jcid . — From 108 analyses I find the average 
amount of to be 3*1 grams, or 47 1 grains daily, 

2 „ hourly. 

Tl'.e moan variation is 0 !)G „ M i „ 

which is less than usual, the mean being i?5 to 50 per cent. 

Ohlo'dne , — Erom 80 analyeca I fiiul the average amount to be 
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C*S^'’raln^ 5 , or 105 grains daily, 4^“ grains liourly, Tliis seems 
irtiicii about tlie avero go amount 
'Fhe analyses of cliloriiie, liowever, were not so exact as the 
(alictfs, oil account of tliero sometimes being a difficulty in 
settling whoa the point of satural ion vras reached. 

Section IL 

of the — The urea seems to l>e 

about elevou times greater tlian the pliosplioric aend, and about 
five times greater than the chlorides. These, Iiowevor, do not 
keep their proportions constant, nor is that uf the urea to the 
water so much so as it generally is. 

Section III. 


Oil tlie 

amount 

of eae 

!i constituent 

excvet(.^d in 

24 hours by a 

dclinite a 

nionnt of body 

’ vvidght 




j 

In 

2T nourjj, j 

In 24 

Vioni's. 


11 out.. j 

1 kiiu 

i^vaiii exfrotos j 

1 D;, nvoii' 

. exf.'iM;‘tes in 


I 

in c.( 

nn'J grains. I 

1 flni'lims 

and grains. 


i 




i’arkt^s’s 






avinvaiie. 

WiCcr.. .. 

i 

23 

c.o. 

2 '53 t’. oz. 

2 '03 1*. oz. 



1 

5 

}T:ni!n3. 

4 *12 grainfi 

3 '53 grains. 

BO, 

1 

( 

j 

0 

• 048 iiram. 

O' 38 grain 

0*330 graiTi. 

Cl. 

i 

0 

•120 „ 

0 *81 gra i n 

0 *875 grain. 

]^:ry \i'i 

.'iglit is 

at pn 

^sent 131: lbs. 

, and det.bu.'! 

:i]»g 9 lbs. for 

clotlils, a 

nd 1 or 

2 lbs. 

which I feel 

sure I have 

:• gained since 


the end of the session, I have calculated this table for 125 lbs. 
weigiit. I have entcroJ in llie last column the average which 
I'aikes gives, showing that the average in my water and chlorine 
is lower, but higlier in the urea and 
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Section IV. 

Oil the acidity I have no observations,* 

Section 

On the Spceijfe Gravihf. — The sp. gr. of niy uririo is notably 
higli, though not more than tliat observed by Dr. Christison, 
iml a very great increase in it is always seen at night, probably 
from tlie solids of dinner passing off. 

With this r must at present conclude, but I hope to be yet 
able to make farther use of the data I have colh^cted ; and I 
would notice tliat my observations entirely conrinn Dr. Bonec 
Jones’s opinion that the acidity of the urine is lessened or re- 
placed by alkalinity during digestion, my urine being acid in 
the morning, neutral at midday (from bn-ak'fast), acid beforo 
dinner, and alkaline at night. 

The close coniicetion between brain w<)rk and increase of 
phosphates in the nrine is also well maiked, there being alm*>>!:' 
alwrays an iucrease on the Saturdtiy, from the cllbct (if the dis- 
cussions at the Itoyal Jledical »S<>ck*ty on llie Friday nights, this 
increase extending over Sunday ; and, wlien I have been 
attending examinations, or reading hard next day, the amount 
of phosphoric acid is increased. 

f* This statement a[ij>]»ea or.ly to quantitaOvc clef tirin' nations. Ahout six 
haiidred qualit^itne obsorvutions were >iuhIc, the reaction being iisuallv deter* 
X||ined eardi time tiiiit iirinc was pas5ed. T’hcso were nil described in tlie 
niami?cri.pt tho?i3. but tliose nmdo t'.om November I I, to March 10, lSGb‘, 

were not printed in full on account of I he expense, e-jiceially as the recppiu> 
latorv tables tave the most imi'ortant facts. Jii addition to these, howhrer. it 
inaf bo noted tliat the urine during digestion W'a.s not only noutral or alkali i c 
but wa^i frequently quite milky when parsed, from the prcienec c£ cafHiyijJihoi^- 
phates. On Sundays, win, -u no w'orfc whatever was done, the urine was in- 
variably less in quantity, and was not milky.} 
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OBSERVATIONS ON THE URINE. 

APBfNDIX TO THESIS. 

Dietary Table. 

^fter some proliniinary e.xperiments, the following diet was 

adopted 

BiSakfast— 

Coffee, 170 c.c. 

Brej^tl, 7i oz. 

Buttf r not weighed, but much the same erery morning, as the bread 
was the same. 

1 salt herring— from Jan. 6 to March 22, 1866, 1 egg instead. 

Lunch — 

4 oz. bread. 

2i oz. gingerbread. 
liX) c.c. milk. 

DryNEB — 

Mince collops, 8 oz. The water in which they were cook 3d was not 
measuied [but was almost exactly the mmv. each day. The "weight 
is that of the raw nunced beef before cooking]. 

Broad, 2 oz.; Not. 16 to Dec. 2, 1865, 3 oz. 
l*ofntoe.s, 10 oz. 

Water, 320 c.c. 

Ti:a- 

Tca, 375 c.c. 

IJmid, 41 02 . ; Not. 16 to Dec. 3, 1865, 4? oz. 

Butter [not weighed but almost the same every day}, 

[During tlm whole period of 121 days, from Norember 21sfc, 1863, to March 
21st. lS6f5, inclusive, thi.s diet was rigorously adhered to wrilli the slight excep- 
tions noted on March 17th, ISth, 20t.h, and 21fet, w-hen the action of digital in as 
an irritant to the stomach and as a powerful diuretic lessoned appetite and 
caused thirst. 

The urine was passed into a small bottle which was afterwards emptied into 
a Winchester flask. From this specimens of the mixed urine of 24 hours 
were taken for analysis.} 


ABBREVIATIONS USED IN APPENDIX. 


B.,. 

. • . . Breakfast-. 

R#*ftr:tn - - t 




ffc 





• • • Cubic Centimetres. 

T.. ...... 

• « • . Tea. 

olr . , , , , T t 

. . . Cle.ir. 

Amt. 

.... Amount. 

cld.. ...... 

. . . . Cloud. 


L. & H. . , . . Hours spent in laboratory and ITospital. 

h. M. S. . Hours spent nt the Royal Medical Society, where debates were 
held every Friday. 

Proportion of the ingredient to the amount of urine. 

Under the head dose the first numbers are fractious of a grain — the second 
arc milligrams. The dose was act imlly taken in milligrams, 
and tlic fractions of a grain are only reckoned from them, 

G 
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I n § Reaction. Appearance. Time. ^ umber. ^ 

when g gravity. ^ | 

I passctl. ^ I JL— j 

s 4 ^^ 4 ?‘ 1024 •*'** Ambercolourca.idoiirted 9 . 2 i> 6 T n:ean. 5 M 1 | 

Mar. 17 b. 4 ft at bottom t 

1.;.0 365,1020 Acid j Straw, clouded at hot- ^ ^ ^ I 

- lA roUo'’ 3-5 Acid AmbercoUmved, clouded 10.20 7 r mean, 71 -iG > 

o-v j iu-u . at bottom t 

iroiKvjXi ... Not perfectly clear 


•• *** 1 1200 ! 1022 { Acid j Turbid 


495 ; 
1 

1021 

Faintly 

add 

390 i 

1019 

Alkaline 

39 $ 

1022 

Faintly 

acid 

672 

1023 

... 

lbi >5 



34.3 

1 

1019 

Neutral 

525 

1020 *5 

Neutral 


200 1010 'fi Acid 

215 1025 Acid 

im 


I X’ oiiMir \ 8 '30 01 mean, 00-62 

I Son.-^what 

j ! ,Ttr. ihe 

Very pale colt>ured at | 0 •*• *** 

top, clear I 

P;«h\ clear, clouded at 
t«-p 

Palo straw, not quite 

dear 


Amber, dear, douded 9 '55 63 mean. CO-07 ; 

at bottom “ j 

Straw do, in dir]iin;!<'*'o*‘iii | 

, , 11 ‘lO 58-60 ftitlin« iu 

'l-ale straw «'o. O •‘o bedwB' 


Straw 

do. 

Pale straw 

^0. 

Amber 

do. 


1 » 

^ ConsletlQfr of about a down poUcts llko tttow of rabbitei » 
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Bowels. 

Dose. 

Ee marks. 

Time 

when 

taken. 

0 1 
=* 

1 ! 


1 

‘ 


Meals. 


Sleep. 


B. {L40 
L. il^ne 
1). Ci. 10 
T. 7.30 


B. 10.25 
L. 1 
1 ). 5 
T. 7.30 


B. 10 

L. 12.45 
a 7 
T. 7.45 


1.45-4 

4.30-8.80 

6i 


12.80-10 


10. 15-7. 45 

9 


8.15-9 


Exel*ciee- 


hrs. 

4 


»4 


•5 


nim. 

200 


30 


Open In 
morning. 

Stool copious. 

Quite loose. 

In the even- 
ing?, very 
scanty. A 
good deal 
of flatas. 


Open 


100 [Open once... 
jSiool copious, 
somewhat 
soft. 


50 


Open once, 
stool ex- 
tremely 
scanty^ 




ES 

5 3 
1^0 


S 3 

Og 

w.SF 

S!5 

23 

a-g 

i^§ 
!« ... 


» :i5s- 

.g £ 2 £ 


:^l=! 

Kll 

jCC I 

f.gSi 

I i’ll 
|i 5 i 

Sap 

B ‘.a 

.£^3' E 
a s', 
■c ® •- 

«££ 

, rt iio 


I 


At 4 A.M. I awoke, and 
%'omitcd Ht intervals for 
alanit j an hour, Vmnited 
inatti^r ycllow' and liquiil, 
Konicw'hat like yolk of egg. 
Vomiieil again on rising at 
9 A.M. Again at 9..^0. Fre- 
queni epigastric uneasiness 
and pain, in forenoon my 
siyht Ava.s occasionally not 
quite clc.'jr (just as one sees 
when about to faint, but 
somewhat slighter), and a 
large bright spot occaslon- 
al y s> en. sueh »>« is seen 
after iooking at the sun, 
and then looking aw'ay at a 
dark object. Languor and 
di.-ii.-oriifi.rt all day. Ocea- 
sionnl nausea— no more 
vomiring. Pain in (:hc.st on 
drawirjg hrearh, f?om sore- 
ness of diapltragnn from 
vnjiiiting. No lunch, but 
took 20U c.c, water at 11.30 
y.H. 

Appetite improved, though 
nitl very good. Sight soinet- 
whrtt rljm, e.spceifilly after 
vhliig u;j f>r walking, atul 
hfjgiit o<xi'.8ion.ally 

seen, chieliy after rihing or 
Walking, l.unch, 6} oz. of 
bread, some chce.se, and 
ablaut 225 c.c of water, and 
2.5 c.c of Wilier at bed-timo 
more than usual. 

A pper i to hetl er to-day, 
.Sic hi diui, and I .«oe a largo 
bright spot, osjiecially after 
exoiti'iu. This not .so 
ill .idcrnoon. Slight paia iu 
epi.;;i;i.st.fnnn iiceaBionally, 
hisiing fMonc lime when it 
o<xui.s. .sfier dinner con- 
stant jiaiu in Ufi side, ap- 
parendy iu descending 
colon, iifuoh tlarus at night. 

Sight cb‘:\r. After look- 
ing at. a Ijright sky, and oiv 
looking away 1 see a spot 
a.v if 1 had bet n Iwking at 
the sou. Appetite much 
better to duv Fain in lett. 
side there on rising,, 
nnd coiiiiiund mr some 
hours. Had a slice of buu 
of ybout the same weight ti> 
lunch instead of the ginger- 
bread 1 have formerly ta.ken, 
and for which I at present 
feel a disgust. Pain in side 
again to-night. A slight 


ttom Uw siM Ot a vdnat. The iatt«r Boatad, the former aunk in water. 


a 2 
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Urine, 

Pulse. 

Pate, 

Time 

passed. 

Amount. 

SpeHfic 

graviiy. 

lleactioo. 

Appeal aoce. 

Time. 

Number, 

1865, 


c.e. 





0 

Mar. 2i 

8.4C 

450 

1020 

Faintly 

acid 

Pale amber colour, 
clouded at top 

9-10 

66, 65-67 


1 

6 

300 

453 

1020 

1021 

,41kaline 

Acid 

Straw, clear, clouded at 
bottom 

Pale airair do. 

P.M. 

10-30 

67-68 ... 

••• 


11 

230 

1025 


Straw do. 

... 




1523 






t* ***• i 

8.35 

485 : 

1023 

j 

Neutral 

••• ••• •«* 

9*10 

64 l^ean, C3-6G 

i 

12.20 

5. 35 

810 

305 

1019 

Acid i 

Straw, dear, clouded at 
top 

Not i«erfeetly clear 

KItfht 

1 *25 

72 regular ... 

i 

12,20 

555 

16-55 

i 1024 

! 1020 ! 

! 1 

Neutral 

1 

1 

Straw coloured, clouded 
at bottom 


••• 


EECiPITHLATOHT TABLES. 


*'■ 

Pale. 1 

Temp. 

5Toi£t. 

Pulae. 

Sleep. 

Work. 

Amount. 

Sp. KT. 


1 ''!?•>.■ 
S'ov. 1 4 

® 1 

... 

tM 

••• 


hra. 

lira. 

in .18 

c.e. 

1210 

oz. 

1 


M 15 

... 

«*• 

... 

... 



... 

not 




M 16 

! ... 

««4 


... 


... 

... 

1006 




n 

... 

.» 




... 

... 

1062 



■ 


; •*• ! 

1 ... 

... 

... 


... 


1164 

... 

1031*5 

atad 

10 i 

1 



i 


... 


995 

85 

1032 

acid 


44;2 

dry 


.. 


... 

... 


43 ‘6 

1028*5 

neutral 

... 21 

48 '1 

damp 

71 


i 

... 

... 


85 ’3 


- 


45 

wet 

67 



I 

... 

960 

83*8 

1080 

neutral 

. It -SS ■' 

■47 *2 

■| 

dry 

65*5 


j-'. ... 1 ... 

.r. 

1010 

85-5 

1031 

1 . ■ : 

acid 

f> 24 

43 '8 

wet 1 

71-5 


[ ... ■! ... ■ i 

... 

1150 



... 


















OBSERVATIONS OX THE HEI.NE. 




i 


mm 

£xercl»«. 


Dose. 

1 


Ifi 

I 51 eep. 

K 

<9 

iA 

fi: 
!£ " 

Bow'ds. 

Time 

when 

uken. 

a 

c» 

Of 

e 

< 

Rctnnika. 


Jt- — r 

% 


Un>. 

Ill’s. 

min. 




tlircatenlPL' of headache 
boforc jfoing to bed. 


B. 9.15 

L. 12.45 

D. 6. 10 

T. 7.45 

1^8.50 

3i 

1 

65 

Open once, 
atool acan- 
tv, partly 
lromlar>fc, 
partly from 
anibll iu- 
1 tcBtlne. 


I 

Apitetite pood. .Sfill oc- 
casHoimlly see a bright spot 
liKe a large bright soap 
bubble, or Jike the liitio that 
i.s ficcn round a light when 
digitalinc i,s put into ! he eye 
without th**, cent ml light, 
wtiich is the cause of the halo 
in the latter ease. It ^eenia 
hi come iiu»re afrer exertion, 
or aiicr long wriiiug, as in 
taking notc^:. I'ni imt sure 
whether it is tho uiieniion, 
or huiking at the white 
P'.ipi r, or the stooping that 
causes it. Took 1 orange 
and 100 c.c. of water extra. 


B. 9.15, 

L. l.SO 

D. 7 

T. 12 

12.15-8.30 

8i 

H 


00 

Open once, 
siool copi- 
ous, well 
foimed. 



Still see a blight spot 
ociMsionslIy. Attended the 
Jhoul Mechcal dinner. Li- 
quids abiive some .soup, 1 
giiisK champagne,^ of a glass 
of cluret, about. 100 or 150 
c.c, of water and 1 cup 
coffee. 


BECAriTULATOEY TABLES. 


Appear, •ncd. 

Urea. 

riiosphoric acid. 

Chlorine, j 

Dose. 

mte. 


grins. 

gl'B. 

amt. 

in 

gnns. 

1 

gra. 

pi op. 

grins. 

grs. i 
1 

prop. 


Nov. 

14 




liXW 
c.c. of 





1 



»» 

15 




urine. 








11 

16 












It 

17 












»» 

13 

Clear ytllnw 

33*83 

522 

3i 








11 

19 

Clear yelio'w ... 

35*00 

556 

29 








M 

20 

- 

.31*17 

5*27 

34 

2*37 

36-5 

2*35 

5 ”21 

80 

5*1 

... 

»t 

21 

... 

29*76 

459 

31 

2 -.30 

3o*4 

‘2 -So 

5 ’21 

81 

5*4 

... 


2? 

Clear yellow 

31 *81 

400 

31*5 

•2*61 

38*1 

2 ’48 

4 72 

93 

4*6 

■... 


23 


35*65 

550 

31 

2 63S 

)[ 40-7 

•29 

0*27 

97 

5*4 

«• 

tl 

24 



ox BIOITAUS, ^nTH S^,MB 


Eecapitulafcory Tables — eorUimed. 


Date. 

Tump. 

! Moist, 

! 

i Vnlso. 

i 

Sleep. 

i 

. 

Work. 


Amount. 

# 

Sp. gr. 

Reaction. 



o 


: 


lira. 

hrs. 

ruin. 

c.c. 

07.. 




Kor. ib 

40-3 

damp 

: 7i 


... 



1010 

3.i*5 

1032*8 

m , 


26 

... 

... 

1 ... 





ion 

37*7 

1031 *6 

^ acid 


M 27 

' 36*6 

damp 

■ 60 


... 



10‘K) 

33*3 

1030 

acid 

1 

„ 23 

40*1 

vet 

71*5 



... 

... 

1170 

41*2 

1027 *5 

acid 


n 2J* 

■ 


72*6 


... 

... 

... 

1055 

87 1 

1029*5 

neutral 


1. 30 



73*6 


... 

•«« 

... 

806 

29*3 

1033 

neutral 


Dt^c, 1 

41-2 

dry 

68*5 





1200 

42*2 

1030*5 

alkaline 


i» 2 

38-0 

dry 


... 


... 

... 

738 

26 

1031 

... 


n 3 

... 

... 

... 

81 



... 

ICOS 

35*5 

1031 *5 

neutral 


M * 

40-2 

d.Hir)p 

62 

8 

... 

... 

... 

1026 

36 •! 

1028*5 

acid 


« 5 

43*8 

dry 

65 

8 


... 


1170 

41*2 

1026 

faintly 

alkaline 


M 6 

42*5 

damp 

66*5 

8 

... 

... 


1059 

37*2 

1029 

Tieutiul 


.. 7 

4C-5 

do* 

62-6 

8 


»♦« 

... 

mo 

39 

1030*5 

alkaline 


I* « 

48-8 

dry 

70 

71 

... 



1130 

40 

1028*5 

alkaline 

• 

„ 3 

46*3 

dry 

62*3 

7 



... 

1120 

30*4 

1028 -6 

neutral 

n 10 



... 

8 

... 



1000 

35 '2 

1031 

faintly 












add 


*, 11 

38*6 

damp 

67 

i 

81 

... 1 

... 


1300 

45*7 

1024 

acid 


H izj 

42 

dry 

I 66-5 j 

71 

1 


1 

i 

lldO 

40*5 

1028 

neutral 

j 


Dftily moaxif not excluding Sundnyi, 




i 






43*6 t 

68 

8 




1 






Paily mean, excluditig SutKlay's urine 

•M 

... 

; 

1048 

36*9 

... 



MeaS OQ Snndaya 

««• 




•#« 

... 

... 

1C18 

35*8 

... 

*«« 


Maximem 

•*« 





... 

... 

1300 

45*7 ^ 

... 

... 


Minimum 

... 

.M 

... 

»•» 

••• 

... 

738 

26 

... 

... 



Plfferenoe 



... 

... 

♦w* 

... 

562 

19-7 

i ... 

- 


Pec. 13 { 

40*5 

dry 

67-7 

7 

6 

1 *** 

50 

1075 

i 

i 37*8 

1026*5 

^utral 


» 14 

41*5 

dry 

67*6 

71 

6 

... 

60 

1054 

87*1 

1029 

neutral 


« 1& 

34 

dry 

66 

... 

61 


60 

1464 

61*5 

1026*6 

faintly 

alKiiiinc 


.♦ 16 

37 '3 

dry 

62 3 

6 

41 

.... 

75 

1 1175 

41*3 

1026 

iU:;id 


#, 17 

«.* 

... 

... 

8 

... 

... 

50 

> 1120 

39*4 

1028 

neutral 


„ IH 

42-6 

dry j 

62 

81 

5 

... 

60 

im 

89*7 

1028 

add 


», 19 

39*4 

dry i 

60*5 

71 

5 

... 

65 

H50 

51 

1022 

neutral 


20| 

42,2 

i 

damp i 

60*5 

71 

71 

... 

76 

1094 

88*5 

1029 

jneutral 




OBSERVATIONS ON TUB OKINB. 

Eecapitulatory Tables — amiinued. 



Appearance. 

Urea. 

Phosphoric aciil. 

Chlorine. 

Dose. 

Date. 



prm'*. 

KTS. 

prop. 

arms. 

ars. 

prop. 

arm*. 

tfr*. 

prrp. 


1865. 


*»* 

3J*82 

506 

82*6 

3*41 

f>2*6 

3*37 

6*77 

89 

.5*7 


Nor. 

•25 


Clcai%eUow ... 

3r*4S 

678 

.’.S 

3*83 

51*3 

3*11 

0*68 

103 

6*2 



26 


Clear yellow ... 

31*06 

479 

28 *4 

2*75 

42*4 

2 .52 

7*2.1 

III 

6-6 


I* 

27 


Clear yellow 

31 ‘.W 

487 

27 

2*35 

.36-2 

2 

5 *54 

8.5 

4*7 


tf 

28 


Clear yellow 

30*38 

469 

28*8 

2*52 

38 -8 

2*39 

6*76 

89 

5*4 

... 

ft 

2J 


Clear yellow ... 

23*01 

417 

36 

2*18 

33*6 

2*70 

4*86 

75 

.5 


ft 

30 


Great dt;posit of 

... 


... 

i‘96 

30 

1 *6’2 

7*14 

no 

6*9 


Deo. 

1 


jihitsphate* 

Not quite clear ... 

... 

... 

... 

2 

30*9 

2*71 

4*79 

74 

6*4 



2 


Cle.ar yellow 

... 

... 

... 

2*98 

35*9 

2-95 

6*24 

bO 

5*1 


»» 

a 


Larsc deposit of 

31*30 

481 

30*5 

2*48 

38*2 

2*41 

6*46 

81 

5*32 


ff 

4 


phr'Spl.atta 

Not quite dear ... 

29*62 

4.57 

... 

2*42 

37 *3 

2-06 

6*93 

91 

5*06 


If 

5 


N(tt quite clear ... 

29 *(>2 

477 

28 

2*46 

87*9 

2*32 

5*03 

86 

5*32 

... 

It 

6 


Conf!l<l(! ruble de- 

80*63 

492 

27 *6 

2*84 

45*8 

2*56 

7*07 

109 

6 '36 


ti 

7 


posit, of phos. 
Lari^e drpi'sit of 

31 '88 

491 

28*2 

2*94 

40*3 

2*63 

7*34 

1)5 

6*6 

... 

ft 

8 


f.ho.«iphaTes 
Turbid deposit of 




3 *56 

.54 *9 

3*18 

7*42 

114 

6*6 

... 

It 

9 


phoisphjires 

Cb'ur, douiled at 





3*8 

50*9 

3*3 

5*46 

84 

.5*4 


tt 

10 


bottom 













Clouded at bottom 

1 

28 *6 

411 

22 

2*76 

42*5 

2*125 

6*76 

104 

5*2 


♦f 

U 

i 

Larj^e deposit ... 

28*29 

4.36 

24*6 

2*58 

39 *8 

i 

! 

2*25 

5-98 

92 

5 *2 

• av 

»i 

12 



.3r88 

492 

30*4 

2*67 

41 

2*54 

6 

92 

5*7 






Zr^ ■6,’> 

650 j 

36 

3*2 

49 

3*1 

5 79 

89 

5 *6 





... 

37-48 

578 1 

... 

3*56 

55 i 

... 

7*42 

lU i 







28*29 

436 

... 

i *9.5 1 

30 

... 

4*72 

73 ! 






*” 

8*19 

142 

... 

1*61 

25 

... 

2*7 


i 

! 




i 

1 

Cloned at bottom 

27 -Oo 

431 

26 

2*74 

42*2 

2*65 

6 

92 

5*5 

1/200 

ft 

ia 

1 

Floeuulent cloud 

28 *8.8 

i 41.5 

27*4 

2*6.8 

1 

41 *2 

2 *.56 


... 

... 

1;200 

i 

It 

u 


l-»rKe precipitate 

88 ‘(6 

587 

26 

3*16 

48*7 

2*16 

8*8 

135*6 

6 

1/200 


15 


^ of plmsphatea 





i 


” . 


Turbid throuqh- 
out 

27*96 

43t 

23*8 

2*7 

41*6 

2*3 



... 

1/200 

t* 

16 


Clouded at bottom 

32*14 

4UG 

28*7 

2*63 

40*5 

2*35 

8 *.36 

129 

7*1 

1/200 

ft 

17 


Clear, clouded at 
i»ottom 

28*76 

443 

25*5 

2*76 

42*5 

2*45 

6*74 

104 

5*9 

l/^OO 

ft 

18 


Clear, faint doud 
at bottom 

30 ’45 

470 

21 

2*64 

40*7 

I *82 

7*C6 

109 

4*8 

1/200 

tt 

19 


Clear, clouded at 
bottom 

30*90 

476 

1 

28*2 

2*72 

42 

2*49 

... 

... 


1/200 

tt 

20 



ON DIGITALIS, WITH SOMB 
Recapitulatory '£ah\&-~coniinwd. 



temp. 

Moist. 

Pulse. 

Sleep. 

Work. 

:b . 

Amount. 

t- 

Sp. gr. 

Iteactlon 


9 





hra. 

in‘n. 

c.c. 

ox. 



Dec. Si 

46*8 

dry 

60 

Ti 

6 

... 

CO 

085 

34*8 

1030*5 

«miy 
'ipdd A 

t. 22 

48*2 

dry 

6.5 -5 

71 

4 

«•« 

SO 

1278 

45 

1029 , 

^jfaituly 

DaU}' mean, 












41*2 I ... 

64-8 

71 

S 

1 4| 

1 731^ 





Mean 

.4 ... 

. 4 , 

... 


... 

... 

•J 

n?o 

41*8 

... 

•«* 

Amjuni of Sunday's ... 

... 


.4. 

... 

... 

1120 

30*4 

««» 


Maximum 

... 

... **• 

... 

... 

... 

... 

1464 

51 *6 

... 

•«« 

Miniiimin 

... 



... 

... 

... 

... 

OS.'i 

34*6 

*.« 

... 


DilTerciicc 



**« 

... 

... 

... 

47J 

10*9 

*•« 

... 

im. 
Jan. 4... 

4(i*2 

damp 

... 

7 

4i 

... 

60 

1100 

38*7 

1029 '6 

alkaline 

n 6... 

36-5 

dry 

74 

7i 

n 

6 

no 

1383 

48*7 

1028 

alkaline 

p, C... 

37 

dry 

78 

01 

31 

... 

80 

1C66 

58*2 

ItilJ 

arid 

PI 7... 

... 

.4. 

... 

81 

*•* 

... 

20 

1176 

41 -1 

1020*5 

ai:i(l 

.. 8... 

87 

damp 

75 

8 

» 

... 

60 

nil 

,39 M 

1026 

aoiil 

9... 

34-7 

(lamp 

7? 

Ti 

6 

• 4. 

70 

080 

34*8 

1031 

faitu-iy 












and 

3V1 

d.amp 

73*5 

n 

8 

... 

66 

1005 

35 *3 


... 


24*1 

fine 

:>i‘5 ! 

7] 

S 

4*. 

(m ' 

1306 

45 '9 

1020 -3 

foindy 










i 


an 1 


2<3’5 

fine 

^8 1 

8 

4i 

6 

00 i 

j 

13*j8 

40 '2 

iv/sr 1 

uril 

.« iH 

... 

... 



3i 

... 

50 

i 0S7 

34*7 

102!.' -5 

acid 

uJ 

... 

44 . 

... 


... 

... 

1 20 

9S0 

34*5 

1031*5 

neufial 

35...! 

33 '5 

damp 

73 

Bi j 

5 

! 

60 j 

1156 

40*7 

1227*0 

fiunrly 

1, 













• «« 


77*2 

7i i 

41 

... 1 

1 C5 j 

1002 

35 *3 

1027 

f.iiiit. y 


Sl-S 1 

1 

78 1 

71 

1 5 1 

5 1 

1 72^ 



i 

i 

arid 







1100 

41*9 



Daily mean, excludinij Su»j;laj'» mine 

.. 

. 

J 




Sundays 

94* <» 

4 »«. 

... 

.. 




1078 

37*9 


1 













Maxfniutti... 

..4 

... 

.. 

. 

. 

... 

1665 

58*2 

... 

... 

Minimum 


... 

. 4 . . 

.. ... «. 

. 

... 

080 

34*5 

... 

... 


DifTevfence.., 

... 4 

.. 

. .4 

. ... 

... 

675 

23*7 

... 


Jan. 17 j 

38*7 

damp 1 

79*2 

n 

4| 


CO 

1073 

37 ‘7 

1029*5 

faintly 



1 







avid 

44-2 

dry 1 

#7 *6 


61 

... 

ro 

1202 

42*3 

1025*6 

faintly 

» 19 i 

43-1 

damp 1 

83 

Si 

4t 

& 

00 

1266 

44*5 

1025 *f» 

;t« id 
(>ik aline 

*, 2l^j 

40 *a 

damp f 

70 

7 

4 

... 

60 

1164 

40‘9 

1024*6 

acid 



OBSEliVATIONS ON THE URINE. 


m 


liecapitulatory Table — cmtinued. 


Appoaran* e. 


Urea, 


.Phoaphoric acid. 

Chlorine. 

■ 

Bi 



arms. 

era. 

] rop. 

gitns. 

gre. 

prop. 

gruis. 

gre- 

prop. 

graiiiH. 

Jh6.5. 

Not qiite clear ... 

a:3 

509 

83 '5 

... 

... 

... 

... 

... 

... 

1/200 

1>CC. 21 

Large J^osit ... 

! 

... 

... 

• •• 


••• 





1/200 


••• 

30*9 

476 

26 

2*76 

42*4 

2*31 

7*4 

114 

6*2 



• •• 

32-1 

496 

2S'7 

2*63 

40*5 

2*35 

8*3 

129 

7*1 




38 *06 

537 


8*16 

48-7 

... 

8*8 

135 





27 -Pf. 

4.31 

... 

2*64 

40*5 

... 


92 





U)-ll 

lf>6 

... 

0*53 

8*2 

... 

2 -8 

43 



1S66. 

CU-ar, clouded .at 

37 -se 

580 

34*1 

... 

... 

... 

... 


... 

... 

4 

bOTtOUl 

Vhtinphutc at bot- 

40 -TU 

630 

29 '5 

4*92 

7f>*9 

3*92 

0 8 

151 

7 


» 5 

foni 












fliijhtly turbid 

3.3 ‘97 

524 

20-5 

3 TO 

55*5 

2*18 

... 

... 

... 


„ 6 

itiroujiiihout 

E Clear, faintly eld. 

30 -Oo 

638 

30*6 

3-42 

52*7 

2*91 




... 

7 

at lalroui 

Clear, faintly uld. 

34 ‘41 

531 

81 

2*31 

S6*l 

2*11 





»» 0 

at boru'in 

Clear, family cld. 

33 'ii‘2 

f>19 

34*2 

2*98 

46 

3*02 





.. 9 

ia lower half 











... 

30*75 

|474 

30 6 

2*51 

38*7 

,2-» 

... 

... 

... 

... 

n 10 

Pale, clear 

33 -27 

! 513 

*25*5 

3*2 

49*3 

2*7 




... 

n n 

Turbid, pjile 
oi'Miife yellow 

40 '.38 

; 623 

i 

26 

3 *45 

• 53*2 

: 2*47 

1 

... 1 

... 

! 

... 

7. 

... 

32 'f)7 

i 502 

27 -5 

2*98 

i 4.5*9 

i 

j 3*02 

... 

... 

1 ... 

1 

1 

„ 13 

Clear 

32 '34 

: 499 

33 

2-98 

i 45*9 

3*C5 

... 

... 

1 


M 14 

Sliiihily turbid, 

.34*C8 

i 535 

i 30 

2 *84 

1 43*8 

2 '46 

8*79 

I3.i r 

1 

7*6 

... 

t, 15 

pl)i>a]d)a?e 

Cle;ir. tloudtd at 

27 -Co 

1 

4iJ) 

29 *6 

2*54 

! 

34*1 

2 *54 




J/50 

.♦ 10 

bottom 

34-46 

531 

‘28*9 

3*14 

4S*1 

2*74 

1 


i 

1 



IF 

.34*19 

.527 

31*7 

3*2 

49*3 

2*9 






... 

40-79 

6.30 


4*92 

75*9 








27 (55 

419 

! ... 

2-34 

36-1 








13*14 

111 

... 

2*48 

39*8 







Somewhat turbid 

80*25 

466 

28*2 

2 '89 

44*5 

2*7 

8-36 

129 

7*7 

i/2r> 

Jan. 17 

1)0. 

31*01 

478 

25*1 

2*76 

42*5 

2*3 

8*98 

i;{8'f 

7*4 

1 2.5 

H 18 

Jfot quite clear ... 

31 Ci5 

487 -5 

25 

3**22 

49*6 

2*55 

9*4 

140 

7*4 


IT 18 

Turbid floccuient 
phohphate 

30*26 

406*9 

26 




7 

108*4 

6 

1/2.5 

.,20 






ON DIGrtALIS, WITH SOME 


Eecapitiilatoiy Table — emlirmed. 



Temp. 

i 

j Moist. 

1 Tulse. 

! 

Sleep. 

AVork. 

Amount. 

Sp.gr. 



ueacj^lon. 

imi. 

0 


i 

} 


lira. 

bni. 

min. 

c.o. 

ox. 


f SI 

4an 

2i 

... 

... 

... 

lOi 

.... 

... 

... 

9U0 

31*8 

1027 *6 i 
£ 

rneat^ 

♦» 

22 

40-1 

dry 

76*3 

8 

5 

... 

60 

1119 

39*4 


. ■>.! 


2;i 

42 

dry 

78 

7 

7 

... 

50 

1029 

36*2 



24 

0-2 

dry 

78 


41 

... 

60 

992 

34*9 

... 

... 

«» 

25 

44*4 

dry 

7C‘5 

n 

4 

... 

CO 

1193 

42 




26 

46*5 

dr)-^ 

77 '6 

7? 

3 

4 

90 

1327 

40*7 

... 


• » 

27 

45-5 

dry 

77 

7 

2 

2 

85 

I.M5 

53*3 

... 

... 

t* 

2S 

... 

... 

... 

9 

... 

... 

... 

827 

29*1 

... 

... 

ft 

29 

34*8 

damp 

70*3 

Si 

4 

... 

90 

1177 

41*1 

... 

... 


dO 

33*1 

d.Tmp 

76*3 

7 

4 

«*« 

120 

1537 

64*1 

... 

.*• 

*1 

31 

38*7 

damp 

76*3 

n 

5 


60 

977 

34*4 

... 

.«• 

Feb. 

1 

45*5 

da.nip 

63*5 

7i 

4| 

- 

60 

U77 

41*4 

... 

*«• 



41 *4 


78-8 

t 8 1 44 

4| 

Ml 




♦» 









I19G 

42 1 



Dally mean, excluding Sutulays 

•e« 1 

*• ••• J 





On Sundays • 




••• * 

« ••• 

9C8 

31*9 

*** ’ 

M 

Maximum ••• 

... 

••• . 

« ••f 

1537 

54*1 



Minimum .«• « 

1. •« 




• •• 


827 

29*1 

M 

• •• 



Difference ... 

... 


M •• 

... 

710 

25 



Feb. 

2 

44-7 

dry 

72-3 

7 

H 


ilo 

1341 

47*2 



•• 

5 

3»-7 

dry 

74 

7i 


... 

26 

14)0 

60 

... 

i«i* 

If 

4 

... 

... 

... 

SI 

• *f 

... 

20 

915 

30*2 



*» 

r> 

40 M 

ttet 

67 

Si 

24 

... 

60 

1204 

42*2 

«•« 


Vf 

6 

41*2 

wet 

72*5 

8 

41 

• M 

60 

1196 

4i*4 

• •• 

•e* 


7 

39*9 

wet 

67 

7 

3 

... 

100 

1203 

30*2 


1 

e> 

8 

3u*l 

damp 

73 

7| 

4 

*•* 

60 

1315 

46*3 

«•« 

1 

[ 

«* 

0 

39*1 

damp 

78 

7i 

H 

11 

120 

1446 

50*9 

i 

... 

- 

«• 

10 

39 

damp 

70 

71 

i 

2* 

30 

11)5 

40*3 


.M 

tt 

u 

... 

... 

... 

73 

... 

... 

60 

... 

1 

... 

... 

It* 

9* 

12 

83*1 

dry 

79 

81 


2* 

40 

1685 

59*3 

... 

•M 

ft 

13 

36 5 

dry 

72 

7i 

o 

••• 

90 

1216 

43*8 

... 


•r 

14 

2«*3 

enow 

: 69 

71 

1 


60 

1129 

1 39*7 

i ■ 1 


a*. 


* In railway, 


GBSKR^AtlONS ON THB UMNB. 9!^ 


Recapitulatory Table — continued. 


7 

} 

Appearance. 

Urea. 


Phosphoric acid. 

Chlorine. 

Poae. 

Date. 



tfrins. 

gra. 

prop. 

ifrma. 

fin. 

prop. 

Knng. 

#rr8 

prop. 

gmina. 

1866. 


flcar*%oi«ded at 

29 '7 

458*2 

30 

2 90 

44*7 

2-93 

5*8 

90 

6*8 

4/100 

Jan. 21 


"otlpilk 

34*CB 

476*1 


3*20 

49*8 

2*86 

4*7 

73 

4*2 

4/100 

.. 



29*32 

461 *4 

28*5 

2*76 

42*6 

2-69 

8*4 

30 

8*1 

6/100 

23 


i«< 

... 

... 

27 *6 

8*03 

46*7 

3*06 

6*1 

94 

6*1 

6/100 

M 2* 



ai*6 

633 

29 

3*14 

48*4 

2*64 

7*3 

113 

6*1 

6/100 

„ £5 



33*44 

618 

25*2 

3*39 

52*3 

2 '.56 

6 '6 

86 

4*2 

6/100 

20 



28*78 

444 

19 

8*29 

60*7 

2*39 

... 

... 


6/100 

n 27 



26*71 

412*1 

32*3 

3 08 

47*6 

3*73 

4 8 

74 

5*8 

6/100 

28 



32*36 

499*3 

27*6 

3*00 

46*2 

2*6,5 

6*7 

89 

4*8 

7/100 

.. 29 



33*68 

699 *9 

25*3 

3*56 

64*9 

2*32 

7*7 

120 

6 

8/100 

„ 30 



29*31 

4.V2 *2 

30 

2*90 

44*7 

2*97 

6*6 

85 

6-6 

10/100 

M 31 


• •• 

.33-54 

617*6 

28*6 

3*23 

49*8 

2 76 

7*8 

120 

6*6 

10/100 

Feb. 1 

1 


31*63 

488 

27*4 

3*09 

47*6 

2*73 

7 

108 

6-8 

1/16 




28*2 

4.36 

31 

2*09 

46*1 

3 29 

5*3 

82 

6 '8 




i 

38 *88 

COO 


3 *,66 

56 

... 

8*98 

138 





! 

26*71 

412 


2*76 

42*8 

... 

4*7 

73 






12*17 

188 

... 

0*80 

12-5 

... 

4*28 

66 






32 *^5 

606*8 

24*5 

2*91 

44*9 

2*18 

... 

... 

... 


Feb. 2 


... 

.31 '32 

483*2 

21 *76 

.^•31 

51 

2*3 

... 

... 

... 

... 

3 


... 

27*46 

423*5 

30 

3-68 

66*7 

4*02 

7*7 

119 

8*4 

... 

.. 4 


... 

3.3 11 

610*8 

27*6 

3*04 

46*9 

2*62 

7 

108 

.5 *8 

... 




31 *09 

479*7 

26 

3*18 

49 

2*66 

6*6 

102 

6*6 

... 

.. « 


... 

27 *66 

426*7 

23 

2*77 

42*7 

2*3 

8*4 

130 

7 

... 

.. 1 


... 

36 *60 

450*7 

27 

3*12 

48*1 

2*61 

6*2 

96 

4*7 

... 

«« 6 


•% 

34*70 

635*4 

24 

3*16 

48*7 

2*41 

8*6 

132 

6*8 

... 

9 


••• 

34 *.36 

616*0 

80 

3*35 

61 *7 

2*93 

5*3 

82 

4-6 

- 

M 10 


... 

... 


... 


... 

... 

... 

... 

... 

... 

11 



3.3*01 

509*3 

19 

2*91 

44*9 

1*73 

... 

... 

... 

Me 

M 12 


... 

30*62 

470 *9 

24*6 

3*16 

48*6 

2*63 

6*7 

103 

6*8 


M 13 



81 *36 

482*3 

27*7 

8*07 

47*3 

2*72 

6*6 

86 

4*6 


.* 14 



92 


ON DIGITALIS, WITBE SOME 

Recapitulatory Table — cordinucd. 


mmmmrnmmm 








" 



1 1 


Temp. 

Aluist. 

rulse. 

Sl.ep. 


Work. 


Amount. 

Sp. Kr. 

Ucaciiori, 

1366. 

o 




hrs. 

hrs. 

min. 

C.C. 

OX. 


' """ 


33*5 

... 

71 

8 

1 3H 3 

65*1 



J 

? -D 

B&ily mem, excluding Sundays 

*«« • 

.« «< 

* 

/ 

1304 

45-9 


... 













OnSundavs 

... 

... • 

VI •« 

• 


915 

32*2 


... 

maximum „ 

. 

... 


«• •* 

. 

... 

108.5 

59*3 

... 

... 

Minimum 

. 

... 


.. 

• 

... 

91.5 

30 *2 

... 

... 


Difference ... 

... 

... 

.« •* 

... 

770 

29*1 

... 

1 

«i« 1 

Feb. 15 

35*3 

damp 

70-2 

n 

5 

... 

65 

1329 

46 *7 

... 

**> 

10 

35*3 

... 

79 

n 

5]| 


ICO 

I81i 

03*8 

... 

... 

.. n 

34 >2 

dry 

93 *5 

7 

1 

... 


1113 

.39*3 

... 

... 

t, Id 

... 

... 

4«« 

9 

... 

... 

30 

920 

32*3 

... 

... 

„ 19 

35*1 

damp 

73 *.5 

n 


••• 

eo 

1153 

40-7 

1026*5 


r. 20 

33 'C 

dry 

70 -5 

n 

il 


50 

1130 

.w 

1023 

... 

» 21 

37-9 

dry 

72*5 

n 


... 

00 

1249 

40*4 

1027 

... 

„ 22 

39*6 

damp 

... 

'^k 

3i 


90 

1302 

4.5 -.3 

1025 

*> 

„ 23 

42 *3 

damp 

74 

s 


5 

to 

1296 

45*6 

1025 

... 

» 24 

■ 

33 

dry 

70 *.1 



2t 

DO 

1245 

4J*8 

1025 

... 


37*6 

... 

76-6 

7J 

1 3] 


I 





Daily mean, excluding Sundays 

... . 



J 

1326 

46*6 

... 

... 

On Sundays 

, 

... 

... . 


* ... 

... 

»:o 

32*3 

1 •*' 

... 

Uaximum 

. 

... 

... 


. 

... 

13J2 

63- 8 

... 

... 

Minitnuui 

. 

... 

... 

.« .. 

. 


920 j 

32 *3 

... 

... 

*■ 

DtfTcrcnce ... 

... 

... 

.. 

. 


h02 i 

i 31.5 

... 

... 

4reb. 25 { 



... 

Ji i 

... 

... 

1 20 

925 

32 *5 

io;>i i 

... 

„ «' 

33-3 

snow 

70 ’5 

3 ’ 

4 

... 

60 i 

1237 1 

45-3 

1022 i 

... 

*7 

30*3 

dry 

72 

3 

n 

... 

90 

1223 : 

43*2 ' 

J02j 

... 

2d 

3l-> 

snow 

09-5 

71 

5 

... 

00 

I30.> 

4.5 -9 

1C26 

... 

: . ■ 










Mare&jv 

33 2 

snow 

75 

G> 

5 

... 

90 

M33 

52*3 

1022 

... 


35*7 

dry 

70 

7-2- 

5 

5 

95 

1209 , 

4'2 *2 

llV2ii'5 

1 

1 


33 2 

.. 1 71 '4 

1 7 

4 } 

1 8 

1 


j 



Daily mean, excluding Sundays 

... . 

me •!« •• 

. J 

1303 

45*9 

... 

. ... ' 

On Sundays 

. 

... . 

... . 

• 9 IW «• 


925 

32-5 

... 


Maximum 

, 

... 

... . 

.. 

. 

. ...j 

14HS 

52-3 


... 


Kinimuu).^ 


l>ifferoture 


925 


32*9 

19 


licadi.ijf itnil «xainiimTiim. 


503 

t I'xamfnation. 


OBSEjfVMIONS OX THE UKINE. 
liecapitulatory Tables — contirmed. 


-7 - • ' 

TJrea. 


Pho«t)hoiic add. 1 

Chlorine. 

._4 

Iloee. 1 

Date. 


gnus. 

grs. 

iroi'. 

grui 8 . 

gr«. 

prop. 

grms. 


)rcp. 

gr. mill. 

1866. 


31*9 

403 

25 -4 

3*14 

49 *4 

2 -.57 

6*8 

105 

6 2 



... 

27*4 

423 

30 

3*08 

.56 *7 

4 

7*7 

119 

8-4 

... 


••* 

35*5 

450 

**• 

3*68 

:>c*7 

... 

8*5 

132 

... 

... 



27 -45 

423 

... 

2‘77 

42*7 

... 

,5*3 

62 

... 

... 


... 

8 -Oft 

37 

... 

0'91 

14 

... 

3*2 

50 

... 

... 



32*71 

.504 *7 

24-6 

3 -fiO 

54 

2 64 

8 

108 

6 

3/200 1 

Kcb. 15 

... 

SO *00 

601 *7 

21*5 

3*31 

j 

51 

1*83 

9 

140 

4*9 

6,100 4 

16 

... 

31 -07 

530 *5 

31*2 

3 *24 1 

.50 

2*9 

7 

108 

G‘2 

6 ; 100 4 

« n 

... 

35*71 

551 

30*7 

3*40 j 

.52 *4 

3-7 

6 

94 : 

1 

6*5 

6 100 4 

M 18 

... 

33*81 

622*1 

29 *2 

3*17 

48*9 

2*74 

6*5 

100 i 

5*6 

6/100 4 

n 19 

Not cloar ... 

35-2 

543*1 

24 *6 

.3*23 1 

4!) *8 

2*26 

3-4 


5*8 

9>10C 6 

M 29 

Not vcrfcf.lly 

35 '80 

553 *3 

2S *7 

3 62 

.56*8 

2*9 

7*3 

.H . 

5*8 

9/100 6 

M 21 

clear 

SO *05 

.556 '2 

27 *6 

3*33 

51 *.3 

2*5G 

7'C 

US 

5*3 

18/100 12 

M 22 

... 

30 '07 

615*1 

30*1 

3*36 

.51 *8 

2C 

7*7 

119 

5*9 130/100 20 

! 

« 23 

.0 

34*47 

531*9 

27*6 

3*43 

.52*9 : 

2*76 

7*8 

121 

6*2 

52/100 35 

» 24 

... 

35*77 

552 

26*9 i 

1 3-36 

51*8 

2 '69 

7*5 

117 

5*6 



... ! 

3.) *71 

551 

39*7 

U*! 

.52*4 

.3*7 

6 { 

94 

6*5 



- 

30 -87 

615 

... 

3*62 

56-8 

... 

9 

no 




... 

32*71 

1 504 


3*17 

4.8*9 

... 

6 

94 




’ 

7*10 

; 

... 

0-4.') 

8 

... 

3 

40 



ft 

; ( Inc ((lo'iflcd at 

31 -80 

432 0 

33*8 

3*55 

54*7 

3*84 

6*1 

95 

6*6 

... 

f>b. 25 

1 l.iitliMu 












1 IHtto 

;u*3i 

.529 *4 

26*7 

3 03 

4G*7 

2*36 

8-5 

131 

6*6 

... 

26 

Clotuled at bottom 

32 11 

405 *4 

26*1 

3*07 

47*3 

2*5 

8*5 

131 

6-9 

... 

V 27 

Olf'nT-, irlomlcd at 

lx.'ttott 

.3 4 8 

530*9 

2.5*9 

8*13 

48 '2 

2*4 

93 

145 

71 

... 

„ 28 

Clrai'. Clouded at. 
bottom 

37) 'SI 

C21 *6 

24*1 

3*75 

57 *8 

2*62 

6*4 

100 

4*3 


Mar. 1 

... 

35*33 

,545*1 

29 *2 

3 '05 

47 

•2 -.53 

7*0 

10? 

5*7 

3/200 i 


... 

34 07 

524 

26-1 

3*26 

; f)C*3 
; 

2*5 

7 *6 

ns 

5 *8 

S 



81 3 

483 

33 *8 

3 55 

1 51*7 

3*84 

C'l 

95 

6*6 

5 

’& 



35*86 

021 

... 

3*75 

.57 *3 

..i 

9*3 

145 





.31*30 

433 

... 

3*03 

46*7 

... 

6*1 

95 


1 


- 

4*66 

138 

... 

C*72 



3*2 

: r/o 


■ 0 

1 » 
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Eecapifculatory Table — cotdinued. 


. . * 

Ap|searatte0* 



Phosphoric acid. 

Chlorine. 

Dofe. 

Date. 


isrmfl. 

3-114 

era. 
626 *8 

piN'-p. 

32*3 

irrm*. 

3*4«9 

pra. 

52*4 

prop. 

3 22 

grms. 

3*1 

! 

grs. 

49 

prop. 

2*9 

gr. mill. 
6/100 4 

1866. 

Mar. 

3 


... 

... 

... 

3*43 

53*7 

3 ‘2 

... 

... 

... 

6/100 4 

It 

4 


37 -96 

686 *5 

27 *6 

3 '03 

47 

2*23 

6 '2 

96 1 

4*6 

6/100 4 

It 

5 


36 '80 

552*8 

29*3 

3 '06 

47 '2 

2 *.52 

5*5 

77 ! 

! 

4 

6/100 4 

It 

t> 


S5 -06 

555 

29*5 

3 '25 

50*1 

2*8*i 

4*3 

j 

i 

74 ! 

3*9 





... 


... 

3*48 

.53*7 

3*2 







»•« 

37*96 

586 

... 

3 *48 

6.1*7 









34 '14 

627 

... 

3*0.5 

47 








... 

3*82 

58 

... 

0*43 

6*7 








... 

29 *38 

453*3 

26 -G 

2*44 

37 6 

2 "22 

7*6 

116 

6*8 

9/ ICO 6 

Mar. 

7 


37 *6 

5S0-1 

30 ‘6 

3*10 

47*8 

2*41 

10 

1,55 

S'l 

12/ IM 8 

It 

& 

•M 

37 '61 

,57S*7 

28 *6 

3 *31) 

6C*9 

2*52 

9*3 

m 


12/100 8 

It 

» 


:e) -r)? 

471 *6 

34*3 

3 *09 

47 *6 

3*47 

4*3 

67 

4 *8 

15/ 100 IC 

*' 

10* 

Somewhat turbid 

39 *73 

613 *.3 

35*3 

.3*30 

50*9 

2*97 

7*2 

113 

6*4 

15/100 10 

i? 

11 

... 

34 '21 

()27 *8 

27*1 

‘J'41 

37*1 

1*96 

7*1 

III 

5*6 

•2*2/100 !5 


12 

... 

37-81 

575*6 

25 

3*27 

50-4 

*2*2 

7*1 

no j 

4*3 

.10/100 21 

ti 

13 

... 

35 *4.1 

44G *6 

22 

3-21 

1 

49 6 

2 

6*5 

101 

4 

31/100 20 

I 

14 


35 -Jl 

.543 

24*7 

3*01 

4C *4 

2*16 

7 '3 

114 

1 

: 




... 

39 '73 

CIS 

35*3 

3*3 

50*9 

2*97 

7*3 

j 

113 

; 





39*73 

613 

... 

S'30 

50 '9 

... 

10 


j 




... 

2!) *38 

463 

... 

2 '4 1 

37*1 

... 

6 *5 

10 1 

1 

i 




... 

10*35 

100 

... 

0*89 

13*8 

... 

3*5 

54 





%■ 

3f>*77 

651 *9 

32*8 

3*18 

49 

2*92 

6*4 

84 

5 

1 

|45/100 30 M:ir, 

li> 

... 

34 *60 

533 'S 

29*2 

3*05 

47 

2*58 

6*1 

9:> 

j 5*1 

45; iOO 30 

It 



35'IS 

512 

30*9 

311 

48 

2*75 

5*7 

89 

5 




••• 

.16 -6 

647*7 

2S*3 

3*09 

47*6 

2*46 

7*2 

112 

5*7 

... 

Mar 

.17 

Turtia... 

30*66 

478 

26*6 

2 '05 

40*8 

2*2 

1*6 

24 

1-2 

... 

11 

13- 




0» DIQJTAIilS, ^WITH KOME 
Eecapitulatory Table — amtinved. 


Date. 

Terop^ 

Moist. 

t ulee. 

Sleep. 


Work. 


Amount. 

Si . gr. 

lleacfivn 


im. 




■ 

hrs. 

lirs. 

min. 

c.c. 

U2. 




Mftr. 19 

^9*6 

damp 

63 -S 

9 

8i 

... 

100 

1655 

65 -3 

... 



« 20 

34 '2 

dry 

61 

5J 

« 


50 

1293 

45-6 

• •• 

J 


» 21 

S5-6 

snow 

67 

8i 

3i 


B5 

1.523 

53 '6 

















„ £2 

37*6 

snow 

68 

8i 


... 

90 

1655 

58-2 

... 



„ 23 

37*8 

wet 

71 

6} 

n 

li 

SO 

1194 

. 42 

... 

• •• 


M 24 

37*3 

damp 

73 

8 

3 

*•» 

110 

1219 

42-9 

... 



« 25 


j 

j 

.., j 

9 

... 

1 

1 

1080 

38 

... 




37'*6 1 

... 1 

68 1 

8 I 

SI 1 

1 n 1 

1 105 '[ 

1428 

50*2 

... 



Daily mcftn, excluding Sundays 


... 

• J 






On Sundays.,, . 




.. 

. 

1140 

40*1 

... 

... 


jlilaximum... 

•f 

... 


.» • 

. 


1855 

6.5-3 

... 

... 


Minimutn ... 




... 

.. 

. 


logo 

38 

... 




DiiTercnce 

... 


.. . 

. .. 

... 


27 *3 

... 

... 

i 

1 
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Recapitulatory 



1 

I 

Umi, 


VIjiis 

phoric acitf. 

ChloTinc.f 

1 Dose. 

Diile. 


Kn»8. 

j?rs. 

prop. 

{inri». 

grs. 

prop. 

gnr.s 

ei‘s. 

prop. 


I.rOC. 


43 -TO 

t>74 '2 

23 •» 

3 -CO 

47-2 

1 *05 

12*0 

105 

6 *7 

... 

Mrir. 19 

*•» 

‘29 '.s:i 

400-2 

23 

2*43 

37*4 

1-83 

7*0 

123 

G*1 

... 

„ 20 


sr.vu 

ol2*2 

23 

2-iJI 

40*2 

1*71 

5*9 

01 

3*8 

... 

,, 2: 


43 -25? 

Os* 7 "fi 

-fi-' 

.3*24 

50 

1*9C 

8*4 

131 

5 

... ; .. 



.^01 *4 

32 1 

3 *25 

50 

2 "7*2 

.3-8 

CO 

3*1 

... ! 


40 -CO 

C.I,T*2 

32*6 

2-00 

1G -1 

2 *45 

5*4 

84 

4*4 

... 

„ 24 

i 

36*00 ; 

5,Vi*H : 

33*3 

1 3 *33 ' 

i 1 

52*1 

1 

3*14 

5*6 

80 

5*1 


25 



500 

! 

25*8 

1 ! 

• 2 *0.’> 

1 

45-?. 

2*24 

G*4 

ICO 

4*4 



*•» 

33 *33 

;M4 

2;i '2 •• 

3*23 

40*6 

2 *83 

(;*4 

100 

I 

4*4 

■ 


1 

43*70 

074 

... 1 

3*38 : 

52*1 


12 ‘C j 

195 




i 

! } 

30*00 : 

473 


2*01 • 

40 *2 

... 

j ‘5 i 

24 




I i 

' i 

1 ) 

k:. 04 

i 

COI 

1 

»*• i 

0*77 

12 

**• 

1I*J 1 

ITl 
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case of POISONIJfG BY INFUSION OF DIGITALIS 
— EEOOVERY. 

#pAjikKTiG.,ag»?ti fifty 'two. Atlmifcte<l into Royal Tiifinnary, October 4, I8fi5. 
The pinieTit, who is a tall powerful man, h.'wl an atbick of pleurisy more 
' tl’.an three months before admission, and, after the acute symptoms were 
relieved, he was unable to resume his occupation of using Hac fore- hammer on 
account of shortness of breath, loss of a]>pctite, ami general weakness. On 
apphingtoa niedienl man, it was discovered tlmt tlioro was effusion into tlio 
left pleura, reaching up to the third rib; and after being treated by uieceu- 
rials, &c., for some timo, ho was admitted into the Jiospitnl, jhuI the effusion 
was found to bo still at the same level. On mlmission, tl-ero was duluoss over 
tl»c left front from base of lung to above the level of tliird rib, and on left back 
pnrtinl del ness from above tlie scapula to its inferior angle, and thence down- 
wards tthsoluto. There was frerjuent cough, h\it no expecl oration. Tlte apex 
beat was most distinct at loft side of ziphoid cartilage. Heart .sounds natural ; 
pulse 70, of moderate strength; touguo furred; «})petite. m oil crate ; boweU 
regular; urine in good quanlity, natural in character. Ho was at first ordered 
aeotatc of potash, 20 grs,, three times a day; hut this produoing little benefit, 
ho was ordered half an ounce of infusion of digitalis three times a day. 

^ After being ordered infusion of digitalis, he at iir.st measured it, but soon 
bo:;iin to gues.sit, niul liad gradually inereft,sed the amount, fe^liortly after doing 
this, hU appetite began to fail, and, at the same lime, he had a bad taste in bis 
mouth, and his tongue felt very dry. He felt fdso a dull siokening pain over 
tin; stomach, rising up the line of the sternum to ti e throat. Occasionally tliis 
was likt) to make him sick, lie folt weaker every tbiy. This was about the 
tuiddU of November, about three weeks before the symptoms attracted atten- 
tion. Ho went on gni hull ly increasing the dose. When he lost liis appetite 
!-e also got occasional headache and, alongwith the pain in epig:x.?f rium, he had 
palpitation. His bowels were costive. About the third week of Jiovember bo 
vomited once or twice after meals when .*<tnzcd by a severe fit of coughing. Tlio 
vomiting he attribute.s eutir<vly to the cougJi. TIjcsc sympioms grow worse, anef 
ho felt weaker and weaker, and less able to walk. About the Ist or'^nd of 
December he noticed hi.s sight becoming dim, and w’heii ho looked at his own 
hands, or anotlier personas face, they seemed blue. Tlie pain in th^jton^ach 
Avas uowr almost constant; but tho headache was not much worse-^i6 was worst 
in tho j^ternoon. On the morning of the 5lh December lie com plained of weak- 
ne.ss anj want of appetite. His pulse was found weak and very irregular. At 
the vi^itin the middle of tho day tho cardiac action was found increased, and 
the pulse distinctly dichrotio. The general rhythm w'as about two beats in one 
second, and then an interval of about two seconds. The pulse was 58— some- 
what feeble. Xlio pupils were natural and akin moist. Urine deposits a con- 
siderable amount of lithates, otherwise normal. He got three ounces of brandy 
before I saw him, which I did about 5.20 p.m. At that time the cardiac 
impulse was very abrupt and felt strong, the impression to the hand being 
exactly what I had felt in experimenting with dogs* 'i'ho pulse was 66, but 
▼ery irregular, I took the following tracing with the sphygmogniph 

H 2 



100 ox DIGITALIS, SOME OBSERVATIONS ON THE tTBINE. 


FUr. 1. 0 T.M. — December 5. — Kiglit radial; patient lying. 



From this wo see that the puke k irre^juliir and intermittent. The Ugnf* 
^ensemhle^ or line which wonld cotmcct t!jc tops and bases of each heat, 
of being straii'ld-, i.«: enrvocL fiboxviug that llie arterial teii.ston jn more inflaeiiced 
than usual bv res]>irat'on. The puko is diohrotie, this beins; especially markofl 
ill the lust pulsation on the tracing. This dichrot-ism is not perecpiible, or only 
to a very slight extent in .subsequent tracings, showing that llio tenstori of the 
puke, when the present tniciiig was taken was not only low in itself, but niuoli 
below the ordinary arterial Umsionof the patient* He got 3 oxs. more h'raiidv, 
and a diaphoretic mixture (sj>fc. ammon. aromaticus), which lessened the dim- 
ness of vision. 


Fia. 2. December f». — Tracing taken from right radial about 6 
Patient lying. 



ligne d* ememhle k much more nearly straight tliau yesterday, slio wing 
that the arterial tension is less variable. Pukc' very slow, and irregular us to 
time; but wlule yesU^rday it was as it were a (piick puke with occn.donul intor- 
niissions, or perhaps it. might be termed a quiek puke, becoming occasiimidly a 
slow one, tO'Clay it is a .slow pul>:o with an interpolated b(='al or b»‘at‘s ; or a slow 
pulse, becoming occa^iionally, and for a brief pt?riod, a quick one. 

The arterial tension i.s dktinctly higher than yi'.sterday, tlie line of ascent 
being more blh|ue, the top of the curve, instead of being sharp, h rounded, 
and the lino of dosecut gradual instead of sudden, and only the faintest trace of 
diehrotisni. 


Fia. 3. December 7. — TiacinL*’ taken from riirlit radi.al at 1 p.m. Patient lviri£r. 



is still irregular, and its characters arc almost ideiitical with, that 
of yesterday, ‘VVo the distinct inter^x)lation of a beat in the ca.so of the 
piikation b, which, if the line of de.scent prolongi'd lo the fame length that 
of «, would reach Uj the point d. If w o join the base.s a and f/ of tin) hues of 
ascent of the waves «, 6, and e, and prolong the line, w'o find that it passes 
through the point d, and alst) that the distance k'tween n' and I' is the same 
as betwroen b and d, showing iluit the rate of lowering of the arterial tension is 
fhe same in both ; or, in other words, fcJiat the blood has been escaping with the 
<i!ame degree of rapidity through the capillaries in both eases. So, wh»m tbe 


^ Compmng the suddeniiess with which the xvaye attains its niaximhin 
luVight, and its audden descent, with a tracing after recovery, wts see that the 
( 'jr liao systole is very njuch more abrupt and short than normally.. 



CASE (Ji? PGISONINO BY mGITAUS. 


101 


next ware c was impollod into tho arteries before its usual time, tlie base c* of: 
the wave o found the arterial tension greater than usual, ajid in consequence 
is on a hij^her line. We notice also, that tliough the amount of blood sent 
in by this wave, as indicated by its height, is less than usual, yet coming so 
(jiose upon the last, it has raiseel the arterial tension higher than usual, as 
is shown by the height of the top of e being above that of the others. 


Fife 4. Deeeinb<‘r 8. — Tracing taken at 3 P.M. Pulse, 03. Patient lyir-t,. 



Tills tracing was taken about half an liour after patient had had his dinner, 
and the rapidil}* of the pulse is proViaVdy due to this. 

Tlie jiulse is mueli more regular, and the li^gne (Venfunnhle ucarly straigid. 
',rhc line of ascent is eoinparativcly abru^it, ami then presents an aseonding 
plutcuii. This latter is probably due to loss of elasticity of the arteries from 
coinmeneing senile degenerat.ion, M*hit*di it is evidLUit that patient has, from 
the nature of tlic tracings after bis return to health. The line of descent is 
livmulous. 

The dimness of sight and pain in epigastrium has been gradually diminishing. 
This arternoon he bad rigors, and wont to bed complaining of intense frontal 
beadaelio. 


Fig. 5. December 0. — Tracing from right radial, 8 p.m. Patient lying. 

Pulse, 04, 



Pul^e much slower than Testerday. Lt’pne d*mitp,mhh of bases pretty nearly 
Btrnight- Tim waves vary slightly in height and length, each third one being 
siuallcr, and tlic line of rlesctmt straight er, than the others. This is probably 
due to the influence (-f n'spirutioii, 'j’he ascent is comparatively oblique at 
first, and afU’r ascending some way becomes still more so, and the lino of 
descent gradual, showing liigli arterial tension. To-day the headache is better,, 
and the slnverings liavo not returned. 


December 10. — Being Sunday, T did not csHminc the case. 
Fro. 6. December 11. — 12.30 i\M. 



Lig^e (^enspmlle is not quite straight. The line of ascent, almo^tr perpendicu- 
lar, then a well-marked ascending plateau. From the little modiflealion that 
the cardiac iinjndso has undergone, one would bo inclined to say that tho 
elasticity of the arteries was more impared than usual. 

Headache almost gone ; patient mue.h better. 


Fig. 7. December 12. — Tracing taken at 1.60 r.3X. 



Tlateau less marked ; tops more rounded. 



102 OJSI DIGITALIS, WITH SOMjB OBSEKVATXOKS OH THE UKIHE. 


P’lO. 8. December 13. — Appel ite si igbtiy improved ; still slight headache; 
pulse 60 ; quite regular; seems now to have returned to its normal state com- 
plottdv. 



FlO. 9. December 14* 



Tracing at 5.45 Pulse 5t>. Respiration, 20. 
Tension slighiy higher than yesterday, and pulse slower. 


Fig. 10. December 15, — l*atient was sitting up but went to bed, and had 
bopu lying about forty iniuutea before the present t rtu-ing was tiikon* 



1,2S P.ir. Pulse, 60. Respiration, 24. 

In this there is a no.arly horizontal plateau, and the tensio)) is considerably 
affected by the respiration. 


Fio. 11. December 10,— Trjicing taken at 6 P.M. Pulse, C4, Kespiralion, 23. 
Ilcudaehe to-day only occasioMal. 



'Patient still complains of beadtw’he, which up to this time has been constant. 


December 17. — J^unrlar. 

Fio. 12. December 18. — lletwecii 1 and 2 P.M. Ihilso G3. Ropiration, 27J. 



Appetite improving. For the last two days headache has not bwn so bad. 


December 19.— ApiK?titc .still improving; headache only occasionally The 
headache over tlic right or left parietal Ijone.? and frontal bono, chiefly about 
the parietal protuberances ; nevtfr on the vertex, or oc».‘iput. It goes from side 
to .side— being to-day over the left, and yesterday over the riglifc, parietal bone. 
Some i.>ain in back to-day. 


Fxo. 13. Tracing taken at 6 r.M. l ulse, 73. Respiration, 26^. 



Pulse rather quicker; tmsion rather less, 
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Fio. 14- December 2^. — Truciiig at 5.30 p.m. Pulse, 68. Respiration, 82. 



Mt observations vrore now stopped, as T was going to the country; but from 
the constancy of the oharackirs of the pulse during the lust four days, we may 
*^supifose that it liad now returned to its normal condition. 


EXPERIMENTS ON THE INFLUENCl? OF DIGITALIS 
ON THE 141ESSURE OF BLOOD IN THE AKTJ5KIES. 


In order to detonnine the influence exerted by digitalis, or cUgitaline, on the 
arterial ])ressure, tlie carotid of a dog was exposed ; the nozzle of a liseina- 
dynainomctor inserted, and tlie height to which the column of rncTCuryrose was 
noted. After wait ing a short time to sec if the pressure was constant, digitaline 
suspouded in water, or infusion of digitalis, was injected ink> the jugular vein, 
and the j)rossure again noted. 

The instrumenta whicli were commonly used (.‘onsisted of a glass Ihuslc, partly 
filled with rnorcury, into which two tubes dip[K.‘d, and wore Iteld firm by being 
eeruented air-tight lino a brass cap. The mouth of the flask is closed by an 
india-rubber stopper, llj rough which were passed a brass tube, provided with a 
slop-cotrk, and having a funnel at its upper end. and a curved glass tube, by 
means of wliicli tlie iristruTucnt was connected to the artery, d'his brass nozzle 
is small at the end, and grows rapidly wider, and is roughened at tlie small end 
to prevent its being dragged out of the vessel by giving a better hold to the 
ligatures securing it. Jly means of a piece of glass tubing, with a bulb upon it, 
and india-rubhor tubing, the nozzle was comiectcd to the Ijannadynamomctor. 
A clip was placed on the tubing, so as to restrain the flow of blood at pleasure. 
The whole ai)pttratus linving been filled up to tho end of the nozzle witl* a 
solution of bi-curbonate of soda, to prevent coagulation of blood, jniured in by 
tho funnel, the stopcock was turned, and the apparatus ready for use. A 
graduated scale was appli<*d to tho tubc8 to show the height to which the 
ineccury rose. As the voluuio of mercury in tlie flask was so much greater than 
ihut^n the tube, no corrective was employed for the lowering in the flask as it 
rose in the tube, as would hav'c been necessary had a sinsple bent tube been used. 
An Mpparaius of this kind, with a plain tube, gives trustwortlvy indications so 
long as the pressure is constant : hut when it is variable, the indications become 
fallacions from tho mercury at each oscillution act|ij.iring a rapidity which 
carries it above and below i-ho true maximum and minimum jwinfcs. 

To obviate this, the compensating tube of Marey was us<hI, This consists of 
a tube, wdiosc bore is reduced to a capillary size near tho lower end. The 
mercury can only p«As through this very slowly, and tho iiifluenoi^ exerted by 
each oscillation on the height of the mercury in it being very .small, the true 
mean pr(}sgn,,e of the blood is thus obtained. 
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Fig. 15. Marey’s lliijinadynamoincler. This figure was uot in the origmfil 
Thesis, and I owe its uppcaraneo in this voluiiio to Trofessoi* !Miirey*s liindm-.s^. 


Exp. I. — Koi\ 25, 1S05. — The tlog exprri)ni'nk*tl on was a pointer of Die 
usual size. It was tiiMl dow'n to a table, and cliloroform adininisrered wliile the 
^'•arotid was being exposed. 



jumii 





P.M. 

2.vr/ 

Inclietj, 




The incision wm.s made, Pr. 

2.51' 

I 

i 

» • 



Gamgre kindly performing tb>‘* 
experiment for me. 

Nozzle introdn.(*ed into earot i‘h 

2.55' 

4^5 i 

« « 


, , 

St.<>y.)eoek turrietl on — the un reary 

2.57' 45 
2.59' 
2.59' 30 I 

1 

5* 

4 05 

4*4 

4-25 



roffC immediately. 

j 

1 


♦ Little oscillation. Probably clots already present. 
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r 

Tii»0- 

Atcreury. 
Min. <fc M X. 

Moan. 

Ihilse.! Ee-sp, 

i 

Rom, -irlcs. 


Inches, 1 


j 



2 ' 

4-8 — 1!'9 ! 

, , 

• • ! 

, • 

Slight irrognlaritv of heart. Never 

iie' 

9 * 

4*4 

1 

• • 

fiink.s, wisen aiiima] .strug^.«l(‘s. 

d.5' 

5 

1 

• • i 

i 

*• i 

i 


below 4 (>; never rises abovi* l iv 
during struggle, but fell imme- 
diate! v. 


i 

! 

! 

i 

•• 

1 eentigram of digit aline sus- 
pended ill distilled water. 

3.y' 

.. 

•• ! 

! 

•• 

Tiie first part; injected into jugular 
vein. 

a 13' 15 

4-8 

. . ' 

• * i 

. . 

Tin* fourth part, injoeted. 

n i l ' 20 

• • 

^ i 


. , 

1 11 jocf ion etnn|)IetL‘d . 

3.17' 40 


.. i 

•• . 


Ruhsaiion faint — tube probably 
])higged. 

3.20' 

4 . -7 4 *3 

. . ' 

. , ' 

. . 

Not ai:K>vc 4 8. 

a.22' 15 

4-8j 

1 

i 

. . 

Oseillations barely ))crcoptible. 

3.2(r 


I 

j 

i 

! 

1 


Cardiac ]>uhaiions, 100 extreme- 

ly irregular boih in number uiuf 
force. 

3.20' 30 

• • 

; 

1 

• ♦ ! 

i 

! 

1 


A solution of another centigram 
of digitalino was now injected 
into the etllulav tissue of the 
upper })artof right thigh — com* 
plct^al at 32' 10", 

3.31*40 

• • 

•• 

* • 


Heart’s aeliou weaker, and more 
irregular. 

3.35' 

• • 


i ** i 

{ 

1 

i 

t 

! 


It was ascertained that there was 
obstrnelion at some point in tlu* 
apparatus, and on examination, 
tlie no/./,h‘ and the greater part 
of tlie india-ruhber tubing, were- 
found filled -with clots. These 
were removed, and the instru- 
mmit again readjusted at 3.14'. 

3.45' 45 

3 -2— (5 

*• 

• . ! 

j 

•• 

Oscillates with e.vtreine irn-gu- 
biritv. 

3.17' 

1 4 -3 -4* 4 



, , 

1 1 a rd 1 y per C(‘pt ihh' . 

3.50' 45 

■ • 

• * 

{ i 

! 1 

' * 

Clip placed on india-rubber l ube* 
and nozzle twice cleaned by suc- 
tion. 

3.53' 30 

3-8— 5-7 

• • 

i } 

i ’* i 

i ' 

’ ’ 

The mercury soon again becamo 
stationary, and after another in- 
effectual attempt to clear the 

4 

• « 


00* 


apparatus, llio nozzle was llnallv 
witlidrawn at 4 r.u., and the- 
wound .stitched uj). Tliclbu orai 
pulse was 00', and, though still! 
very irregular, was less so than 
when last estimated. 


4 . 4 '. -Dow released from the t-nble. Seomed a little stiff at first, but gooti ran 
a out as if uotliiug )iad happened, and made water 01.1 the fioor. In this* 


• Less irregular. 
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experimenfcj inst<!a<l of tUo nozzle which I I»nd before described, a straight oiio 
was -used of a much smaller bore, wldch was farther diminished by a stopcock 
upon it. V 

Exp. it. — A' er. 29. — In this experiment the nozzle was wider, and Ihe 
apparatus was just as described at the beginning, the hflcmadyiminometer 
showing the mean only being employed. !l ho same dog was tjsed which hiSQ 
been experimented on on the 35th. Chloroform was given as formerly. 


Time. 

Mercury. 

Mean. 

Pulse 

Be.<p. 

Kemarks. 

P.M. 

Indies. 


1 


1.58' 

. , 

, , 


1 made the first incision. 

2.5' 30 

. . 

• . 

• • 

Carotid exposed, and ligatured at distal 





ond. 

2.11' 

. , 

. , 

. . 

Nozzle inserted. 

2.14' 

. • 

120 


Clip relaxed. 

2.17' 

5-55 



2.19' 

5-4 

125 

• « 

5 *4 appears to bo about tlie average. 

2.20' 45 

5-3 

«• 

. , 

Kxtorual jugular vein tied. 

2.23' 30 

515 



2.23' 15 

2.25' 

5*4 

• * 

• • 

Half a™in of digitalinc in water was in- 
jected into the jugular vein. Mercury 
imuu^diatcly indicated 5 *4. 

5-45 

5 *5—5 *55 





2.25' 

0*3 

. « 


Suddenly fell to 5 *3. 

2.26' 

5*5 

6 T— 5 *3 

•• 


As suddenly rose to 5*5. Then fell again. 
Heart’s action oxtrcinclv irregular. 

2.26' SO 

4*8-5 

« , 

, « 

•Still extreme irregularitv in the pulsations. 

2.26' 40 

4*7 



2.26' 55 

4 0 -4 *55 




2.27' i 

4 ’4 

. . i 

. . i 

1 Breathing extremely rapid. 

1 

2.27' *5 ! 

4*5 



2.28' 1.5 

4*4 




2.29' 40 

4-8 

. . 

26 

1 Mercury rose to 4*8. Respirations are not 





1 so rapid as they w ere at 27'. 

2.30' 

4-7 

172 

, , 

! Pulse more regular. 

2.SO^ 1.5 
2.30' ;i0 

4*8 

i . . 



1 Respiration much quieter. 

2.30' 15 

1 4.6 

lis 


I Ihilso still regular. Oscillations slight. 

1 Column is, on an average, at 4*6, and is 
; less violently affected than befoi& injec* 





tiou. 

2.32' 30 

. . 

200 

.. • 

Regular. 

2.33' 

2.34' 15 

4-3 

•• 

... 

Pupils dilated, and imperfectly contrac- 
tile to light. 

4 3 

i 


£.34' 45 

41 

j 



2.'3.5' 

4 *0 

1 

1 


2.33' 45 

3*8 


i •* 

Pulse weaker. 

2.88' 10 

3*6 

! 

i 

) 


2.36' 80 

3*5 

i 

I 

Pulse very weak. 







VyCTJON on CXKCULATIDX and riESriKATIOK, IU7 


Tim?. 

Mcr<Miry. j 
'lean, | 

FuLse. 

Resp. 

Kenmrks. 

P.M. 

Inches, 




a«7' 30 

3 35 

, , 

, , 

Pujuls contract more f>crfectly. Breath- 




ing, abdominal laboured. Intercostal 
muscles do not net i)roperly. Cldolly tlio 
accessory mu-sedts of respiration act. 
Thorax is raised as it were as a whole. 



2.38' 45 

3*4 




2.30' 20 

3*25 




2.40' 10 

3*2 




2.W' 40 
2.41' 

3 3 

3 25 

154 

•• 

Pulse weak, and rather irregular. 

2.42' 

3 2 



2.42' 10 

3-3 


• . 

Thermometer in axilla oB dog 96*5’ F, 




Pupiis smaller than .at the beginning of 
experiinent, aud eoidiiiuo to contract on 






tlie apjdicatiori ol' light. 

2.44' 

3*2 

, . 

. . 

Pulsti cannot well bo estimated. Very 





i irregular. 

2.4.')' 1.5 

3-*3 1 

150 

. , 

: Pulse irregular. Tlirr»nomcter 99'’. 

2.47' 30 

3 

, , 

21 

Siiiny saliva is.Huing from the mouth. 

2.40' 30 

2 0 

150 

1 

: Pulse irregular. 1 hermomoter Jhl'S® P*. 

2.63' 

2*0 

. , 

IS or 

: Dog apjicars to be sick, but does not 


1 

1 


10 

i vomit; the mu /.'/.Ic iiroYeu ting him from 
’ opening his mouth at all. 

« . 

2 *95 

, , 

, , 

1 Dog moans. 

2.65' 10 

, . 

, , 

, , 

j Oroaning much increased, aud louder. 

2,5(1' ir> 

2*85 

155 

• . 

i Api>ears to be endeavouring to vomit. 

2.57' 15 

3 1 



1 

2.58' 

3 *2 

, , 

. « 

1 Steadilv rising. 

2.58' 10 

3 3-3 *5 



i 

2.5S' 45 

3*1 



j 

2.59' 

3*0 

, , 

. , 

i Gradual sinking 

2.50' 10 

r 2*5 

, , 


i Convul.-^ions. Passage of f(ecos. 


1 2*4 

1 2 ‘2 

- 

1 

i J>topx^age of heart’s action. 

3 

[ Down 

•• 

•• 

Dog dca.l. 


After this tremors were noticed. Spasmodic twitchiug of the penis was 
noticei after lieart’s action ami femoral pulse had ceased, aud a fluid resembling* 
and supposed to be, semen, was einittod ; but on its being at once examined 
microscopically, no spermatozoa uere to be found, and only an abundance of 
large cells like in\icus or pus corpuscles were seen. rost-njorLcm oxamination 
was made immediately. The thorax was opened, and tlie great veins tied. 
They were much engorged. At 3.U>' the thonude Tistera, wore removed. A 
gush oT fluid blood took lower i>art of the vena cava 

inferior on cut.ting it. The veins and right .side of the heart were engorged and 
swollen, stufled like sausages, as Casx>er describes it. Kight auricle distended. 
Jiii* of perfectly fluid blood of a very dark colour was got from the right 
ventricle. At 3.21 the left ventricle was examined, and found firmly con- 
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tractcd, confejiniiif 5 a riot. It was not white from oontraetioii. The blooH, or* 
flowing from the body, cougulatod in tVirce minutes. Tlio blood from the •, i ji:i 
tsava inferior eoagidated \ery quioklyiiito an extremely firm clot in the tUorjh ir 
cavitv. TUc conUnits of tlie loft side of the heart wTiglicd 1 oz. dj draelim.^ 

KxP. ITi. — Xov. 20.— A full -grown si u'j'p w'as oxyKn’imonfced on — the lutjj.'.a. 
dynamon\eter, showing the maximum and minim inn, being emjdoyed. 

S.35' r.w. — Respirations 5d per minute; the sheep being at this time 
down on the table. No chloroform was giroii. Cim>ti .l exposod. 


Time. 

Mx.&Min. 

Mean. 

i 

Puisc 


1 Hcnifirlis. 

p.vr. 

Inelios. 

1 




8.49' 

•• 

.. 

' 

i 

: Distal end of carotid tied, and tuli.* 
ins(‘Hi'd. 

8.5(5' 

•• 

** 

1 

♦ • 

‘ * * 

'.rhc (dip rcmov(MT ; tub^ tlum broke 
from tile, arlerv. 

9.12' 

9.11/ 

9.1d' 

9,19' 

3 *5 * 5 

3 *5 -5 -2 

3 '5 --5 

4*2 

4*2 



Tube replaced, and clip removctl. 

9.22' 

9.2.t' 

3 *5-3 (5 

4-5 

.. 

4 -3 

78 

m a 

Animal excited by cx.amining tho. 
wound. 

^9.25' 

9.20' 

4*1— 4 0 



« * 

Half a grain of digitalino in wjiicr 
was injected into tin) eollular 
tissue of the thorax. 

9.2S' 

4 *7 


• * ! 

, , 

Cn sligiit agitation. 

9.30' 

5*0 i 

! 

82 

30 

Dreathing more laboured. 

9.32' 

9.42' 

4*2— 4-4 
3*8— 4: *8 ' 

4*3 

80 

•• 

Pul sc steady at 80. 

9.45' 

9.47' 

7 *5 

.4 *1-4 *4 1 

1 

1 i 
: 1 

104 


Slicep struggling. 

Sheep .struggles. After this t-m 
oscdllaliotjH .-^topped, and ch»ts 
were suspected in tiic iirti^ry. 

‘9-52' 

j 

• • r j 

1 



Clip ji])pli(>d, and tube re.muvj;d. 
Again applied at 10.0', but al: 
10.10' the india'rubb(?r .stopper 
came out, and the experiment 
thus iiit(?rrupted was ftiot re- 
sumed . 

10.10' 



91 

39 

I’ bo sheer) was loosed from (he 
table. Seemed very un.stcadv on 

it.s legs. Tliero was some amount 

of venous oozing i rom tho wound . 

i . ' . 


Exp. IV.— NV>?r. 30. — Tlvis morning the sheep sccniod .still much depressed ; 
it IukI iftade a g*H>d deal of w ater during the night. Hetween 1 ond 2 P-K. it w:i5 
again tied on the operating table. Chloroform administered, aud the other 
carotid onened. 
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TiiiiC. 

Merc ary. 
Monn. 

Pulse. 

Pesp. 

Item arks. 

• 

P.M. 

2. 

Inches. 




• • 

Kiii 

•* 

ll.Tmadyiuunometor connected w’ith tho 
artery. 

2. 1' 

• • 

•• 

21 

Clip removed. Tli(3nriometor in vagina 
luirp F. 

*3. 3' 

2 1—3 

• • 

• * 

Till this time tlie menmry in the tube has 
oscillated bet ween 2*1 and 3, neither 
steadily nor regularly. 

2. 5' 

• • 

f 


* • 

Tlio ))upils have become contracted. At 
tJio beginning of the experiment they 
were dilated. 

2. 6' 40 

3-5 

.. 

. • 

Pretty sternly at 3'5. The sheep at this 

3 (1 

. , 

. « 1 

moment made a slight struggle, and mer- 


3 *7 

, , 

, , 

cury ro.se to 3 0 at once, then to 3'7. 

2. 8' 

2. 8' 35 

3 *4u”~"3 *5 

3 2 

•• 

•• 

Thcrinomoter 102‘‘J'’ P. 

2. 1/ 45 

3 5 


20 

Steady at 3*5. 

2.10' 45 

3 *05 



'Murmoinetcr 102'’. 

2.1 P 

3*3 

•• 

•• 

Slieep appears completely free from tho 
cfTcels of tlic chlorolonn. 

2.1 1' 

3 '05 

« t 

, , 

A'ery feeble pulse. 

10 

a ’4 

1 • • 

i 

1 

During violent struggles which now take 
place. 


lMC' 15 
2 . 17 ' 10 

2.2 / 10 


2:iy 10 
2 21' 25 
2 . 22 ' 10 

2.2:f 10^ 
2 . 21 ' 50 


2 . 20 ' 10 
2 . 2 ()' 30 
2 . 27 ' 


2»2vS' 10 


3 -05 

3-1 

3*1 

3- 4 

3 1 

4- 2 
4*3 
4*4 
4*5 
3*7 


o’;:5 

5-5 

4 0 * 
4*8 


4*7 

4*C 


During another .struggle. 

'riieii tell to 3*1. 

An apptirently oouvii]i>ivc inOTcmcnt of 
the ln*{irt. 

Pi'eti.y sUnidy. 

Violciit sirugglc*. AJereury rises to 4*2, 
4 3, 4*4. 

Another struggle. 


Injected the flr-t half of 2 grain.s of digf- 
taliiio suspeiid(‘d in water (into the 
jugular \ein — this from memory) , 

Injected the remainder of tlic digiUlino. 

Animal violently struggling. 

.During another stmggh^. 

Dupil obviously contuieted. 

Mercury stands at 4 8. Anini'd struggles. 

Pupil has become more diluted. Convul- 
sive movement. 

Another convulsion. 

.No perceptible pulsation in the carotid. 

Cornea scarcely sensible to touch. Pupil 
more dilated. 

Oiumea insensible. Kespi ration just per- 

ceptible. 
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Time. 

Mei'cury. 

Mean. 

Pulse. 

Rosp. 

Baui irka. 

P.M. 
2.20' 45 

Inche.'?. 

4*4 

, . 


■ 

/Vr^ faint pulsation in tlje artery. 

2.31' 30 

4-3 

i 

• * I 


Pupil widi ly dilakd. Krspiralion imper- 



i 

•• I 

i 

ceptible. 

Pulee inappreciable, Tliennometer 101 ^ 

2.33' 



1 

i<hccp allowed by all to be dead. 11. ad 


i 

1 1 

i 

1 

j 

i 

i 

made water since it m\» plaeed on the 
table. Mercury grmlmdiy .fe'iL 


The 'aU of the merevirial column was nfc firsh atl-nbuU.*i:[ ti> clots, but on 
examination none wc e found to ivccomit. tor it. 
rost-mortem oxaininatioii madt* imrno Hatcly. 

On openiu);' the thorax, the veins wi-rc ion mi much congostcil. Tlie vcs'^ols 
were then Jigaturevi. and the thoraeie viscera removed. Tin? left ventricle was 
firmly contr.icteii. l4t?ffe auricle tlaccid. Tlie right aurich* luid ventricle were 
both tlietonded with blood. Pulmonary artery was full and ttirgitl ; tiie pul- 
monary veins empty, or nearly so. liight vejjtricl© contairuMl no clot, but 
OS5S. of dark lliiid blood. Left ventricle contnined no clot or blood, but was 
in:irlvedly coiiiractod, w*itlio?it any Wiuteti,.vs, however. B!oo«i returning from *' 
lungs wm quite Iluid, and very dark. Descending aorta coutainod no clot, .so 
the slow descent of the mercury could not thus be accounted for. Bladder wa.s 
firmly contracted and empty. 

Ext. y. — Dffo. 20. — A lar^c dog—a kind of bloodboiind, or a evoss between 
that and a masrilT. was expcriuionttMi on, it took .about 2 oz. of chloroform, 
wbicli was applied on a fciiick towel before it was amc.sbheti-cd, tliouglmo doubt 
the greater part of this was lost in tho applic?Uion. Tim t ime when it began to 
get the cblorofortn \va.s not ii«.>ted. I cut down on aud cleaned about 1 1 or 2 
inches of tho jtigular v’-ein, and tied it. After exposing tho carotid, which lay 
very deep, the dog was seized wdfch convulsive tremors, which lasted a .short time. 
Dr. Oamgee then finkhod the cleaniuir of the artery, and in.scrted tlie noz/lc 
of tj^o basmfldynamomct'Cr. The instrument showing the nn?an only was uso»l. 



P.M. 

Inches, i : 

2M' 

} 

2.44' 30 

5-4 j ” i 

2.44'/10 

i ^ ^ i . , • 

i ’* 

2.65' 


3.56' 

5 ' *6 

2.56' 40 

6-7 

2.38' 30 

5 -7-5 '9 

2.59' SO 

6 ’6— 5*6 i •. 


! Clip removed. 

The tube of tho lueTnadynaiiioaietcr was 
forcisd out by tho pressure. 

Tube re-inserted. 


The dog being quiet. 
Dog quiet. 




actios ON OIKCOr,A.T10N AND EESPIRATION. 


lU 


Time. 

iTercury. 

Pulse. 

Kesp. 

• 

r.M. 

Im'lK'«. 



3. 

5 ■7'- 5 /0 




5 '6 

• - 

• • 

3. 2' 30 

5 *1—5 Mi 



3 3' 

5 '3.) 

. . 

• • 

3. 3' 30 

5 *0 "* •> '7 ; 



3. 5' 

5 1) 

•• 

•• 

3. 5' fi 

5*S 

•• 1 

• a 

3. 7' 


• • 

•• 

3. 0' 

3!i2' 
3.14' 30 

5 *5 '-■ 0 ’i 

150 

•• 

3.ir>' 

5 *9 — 0 *1 


3.ir 

0’3 


3.18' 

.6 -s-*; -1 

• e « • 

3.1H' 30 

fl-4 

. . 

. . 

3.18' 40 

r, -2 



3.10' 

5-S-di^ 



3.20' 

i 5 *5 — 5 *7 



3.20' 20 

!5 '35 — 5 ‘55 



3.21' r> 

I 5 •2—5 1 

120 

. . 

3.2 P 35 

5 *4 

. . 

. . 

3.22' 10 

5 *7> 



3.22' 15 

5-0 



3 22' 20 

5 - - 5 *1 

K .o 


- 

3.23' 

»> o 

5 Ml 



3.23' 30 

5 -5 


, . 

3.24' 

5-2 



3.21' 30 

5 — 5 '15 



3.2 / 35 

1 5 *3 


3.24' ‘15 

5-5 

. •• 

•• 

3.25' 

5-8 



3.25' 15 

5 0 



3.2iV f> 

6-0 

. . i , . 

3.25' 40 

(M 


1 

5 

3.25' 50 

6-2 


i . . 

3.26' 

6— e -2 

. . 

i 


3 . 2fi ' 40 6 '3 

3 . 2 <' 20 5 -8 


8 . 27 ' 60 5-9 

8.20- 5 -O-e -8 


Kemarks. 


Dog whines and barks as i£ dreatning. 

Dog wliincfl loudly. 

Continuous barking, as if in a dream, more 
loudly than h.d'oru. 

During inspiration, or attenipls to bark, 
tlio ineroury falls. During (!.vpiration it 
rises. 

Sti il attempting < o bay. By a ,{erk. a drop 
of bli.x>d got above tlie merouiial columa. 


The injection of one grain of digitaline sus- 
pended in about 2*V Iluid dniiusof water, 
into the jugular vein, was begun. 

The dog struggling and crying. 

The dog cries loudly. 

Still crying louder than ever. 


Continuous cr^ ing. 

Dulse irregular. 

During a long howl. 

Respiration slow laboured, abdominal. 

^^topa crying. 

Deep, slow, abdominal respiration, 

Br«'ath very laboured. 

Pulse small and irregular. 

The dog is quite (luiet, and there is no 
struggle whatever to cause the men u i-y 
to rise. 

No struggle wdiatover. 

Pulse U weak and jerking. (JItemorrha.»io 
pulse, Maohigan). 

Action of heart, violent thumping. 

Dog crying. Iris is sen.sitive, slightly 
cuntraoled. 

Diirmg a deep howl. 

Saphena veins tense, and femoral artery 
feels as if it \^ore contracting against the 
heart. {Dr. Alaclagan.) 

Howling loudly as if suffering much. 



112 ox DIGimiS, AVITH: SOSIE: OBSfeUA'ATrOXS ON TJtR: URINE. 



Mt'ivurT. 

i 

1 

1 Pul.se, 

i 

Rcsp. 

Bemarks. 

v.yx. 

liichos. 




30 

3.30' 30 

5 *5 — 5 '7 

5 *5 — 5 *7 


! 


3.30' 35 

5 3 


1 

1 • • 

From 5*3, mcvciirv rose straight to 5 7. 

3.31' 20 

5 *7 — 5 "fi 

i 

I 


3.31' 35 

5 *5 -5 -8 




3.32' 10 

5' 5 

1 ^ ^ 


Doi: howls loiiillv, shfikrs his 

3.33' 

5*7 



tuil; fomi'r.il vory smrOL 

During the louilesb liow Is, tiie merciirv 

3.ai.' 

5 *5 — 5*7 

1 


only riM's to 5’8. 

: 

•3.31-' 30 

5 1 

.. 

. , 

During a sliori but ve>i*y v.’oU?iit struggle. 

3.35' 

5*7 


. « 

During a long struggle. 

3.30' 

5 "3 — 5 *5 

• • 


I'upiis rfither nnnv tliliiteil. 

. , 

5 *8 

, , 

: • « 

During a vorv sln.nig struggle. ^ 

3.W'55 

r> *9 

• * 

. . 

Httlt' a gr.'iin (>l' digitnlinn, suspended in 

3. it' 35 

5-4 

1 

i 

about 1^- drams of wutor, was now in- 
jected into the aubcutjmeou.s eellnhu' 
tissue of t'ne iibdonieii, 

a.43' 

5 *t5 


t 

Deep grvjuis. Pulse rery irroguliu*. 

, , 

n -0 




3.13' 5 

3-3 


i 


«.43' 10 

5*4 




• * 

5*2 


1 

I 


SMi' 30 

5 '5 


i 

1 1 


3.43' 33 

5*3 

r. •«> 

1 .. 

i 1 

i • * 

1 

Great irregularity. 

3 43' 40 

<> ^ 


1 j 

1 

Pupil .somewlmt; eoritnuded. 

3.44' 10 
3.44' 20 
3.44' 25 

0 *5 i 

5-2 
i 5-4 

130 

i 

1 

i ♦ • 

1 Pul.^» extro]7udy irregul.ir. Pupil .some- 

3.45' 30 * 
3.40' 20 

1 

5 *3-5 *4 i 
5 *3 

• • 

} i 

1 i 

i ; 

i * • i 

i what eontraeted. Iri.s sensitive. 

'rho dog bowls. 

3.47' 

4 *9 


1 ! 

i * * i 

In a struggle, the mere u ry ri o w neve r rise. s 
above 5. The dog cries loudly. 

3.47' 30 

4*0 

1 ; 

1 ! 

; i 


4*7 

• « 

! • • 

Only ri*s4-s to 4*7 during a long ntruggle. 

3.-4a' 20 

,, 


.. 

; Loud moans, deep and t'requLMit nbdmnijnd 

3.40' 

4*8 


• • 

respiration. 

Kxt renie ir re g ul ar i t y of p ul .<* 0 . Weak 

3.50' 

4*3 

120 

» • 

moans, Deep sighing respiration. 

Pulst? extremely irregular, intermits conu 

3.51' 40 

4*2 

« • 


pletely witli inspiration. The licart seems 
to be going all right, and not intenuit- 
ting. 

rulse less iiitcnnittont. 

3..52' 10 
3.53' 30 
3.53' 40 
B.Sa' 63 

4*7 

4*0 

3*8 

4*3 


« • 

Pupil less contr^tetl. Sca^is normal. 





Seri.sitiT0. 

3. 63' 40 

^ 4 -4 ■ 






action on gikcuiation and kespiuation. 



f.M. 

a.o.T 50 
5 
10 

3.55' 30 

3-50" 15 
3.56' 35 

3.57' 30 
3.58' 6 
3.58' 20 
3.5S' 30 
3 . 50 ' 

3.50' 5 
3.50' 40 
3.50' 45 
3.50' 50 
4. 

4. 0' 5 
4. 0' 10 
4. 0' 20 
• 4. 0' 25 
4. 0' 30 
4. (»' 35 i 
4. 0' 45 
4. o' 55 
4. 1' 

4. 1' 5 
4. V 25 
4. 1' 30 
4. ] ' 45 

4. 2' 15 
4. 2' 20 
4. 3' 40 
4. 3' 45 
4. 4' 

4. 4' 20 ! 
4. 4' 25 i 
4. 4' 50 : 
4. 5' 15 1 . 
4. 5' 20 ! 
4. 5' 27 j 
4. 5' 30 ! 
4. 5' 3«.» I 
4. iV ^40 


10 T)og groans. Long deep howls. 

. . Tliere is intermit ting of femoral pulse, but 

not of ) mart’s action. 

. • Iiitormittency of pulso is distinctly heard 
during inspiration. Dog moaning. 


Oradufti fall from 3*9. 
Pupils as before. 

Dog whining. 



24 Gradual fall from 3*5, 

. . Mercury rose suddenly to 3*8. 

• • Dog whines. 


Respiration slightly convuldvo. 
Dog siruggles. 

Moaning slightly. 

Fulls during inspiration. 


Whines and struggles. 


. 4. 5' 55 
4. f}' 45 

4. r o 
4. r 25 
4.11' 30 


The dog snores. Pupil normal. 

Pulse intermits during a long inspiration, 
and the femoral pulse gives a peculiar 

I 



114 OK rUGITAMS, WITH SOME OBSERVATIOKS OK THE HRIXE. 


'Xiiuc. 


^foroiirv. 

JMeah. 


Pulse . 


Kesp, 


Kemarks. 


r.M. 


Indies. 


4.15' 
4,10' 30 

4,25' 

4.27' 


4,50' 

4.52' 

4.53' 


4.53' 20 i 


4’*1 


210 


20 


5*7 


4 0 
4*0 




tbrilling feoiing to tile finger wlien Cvni- 
pre^sed liruily. 

Dog whines. 

-Hivathing is quiet. Heart’s impulse, 2i4i 
in a minute— '(Dr. Gain^ee). 18 luatshi 
5 seeomD. In liiilf a minute I counift/j 
100 beats, strong, irrt'gular. Dr, G. 
ft purring tremor over ihe cardiac region, 
liOuil d u.ib.le blowing murmur on austnii. 
ifttion, which. 1 think, is rogurgitaiifc. 

• On auseultiition over tlie earotid, no mm- 
mur is audible Dog breathes verr 
quii'tly. Tlie doub.l<‘ murnuir VHi/ios 
much in iutoii.sity, the diastolic i.s ihr 
more prolorigeil. 'Ihc Jiieuiaduiarao- 
j meU;r was now stopped bv a dot, so thv 
I r.o/zle was taken out of the artery, aivl 
J the apparu’ us dcam.’tl. A jd or two of 
I bioo.i issued fivui the artery before tho 
ijo/.de wa-s re insortod, 
lle-iiiscried. Mercury stood at 4. ,, 

; Convulsive movement. Head turned vuer. 

I There was a clot in the artery, just hI; 
j the end of the iu>/.zle. and tlu.s vui? 

I broken up by pressure. 

Dog dead. Jlis lieait vva.* going ]?vcbv 
reguhir’y. and tlio beats were .a j. 'parent Iv 
of good .«irengtii just before the dog died. 
On looking at tiie penis, no trcmoi s wove 
observed, and no juositftt ic miu ui; wa.s 
seen. There vmis a good Jc.d of wiitcr 
about the point of pe.ni.'-, rr<*m ooi;‘' 
having empiievl its bladder. 'This rulglit 
have pos.sibly con coaled a ilrop or two, if 
such were there. 


At 4.59 there were a kind of convulsive snorts. 

Post-inort em examination made immediately. 

The tongue seemed soruevrhat pale. On opening tlie thoracic iftvity, tiu; 
veins were found very full, and perfectly turgid. TTio right side of the heart 
was distended by dark Iluid blood, and the veins on it.s surface w^ere dark 
and full. The left heart contained a little fluid blood, and was Huccid. On 
the surface were one or tw'O milk spots. The yentricie was opcnoi.1 bciort) 
the comxyetency of the aortic valves was tried, and then they were scarcely com- 
petent, bat on examination seemed perfectly healthy. The trachea and larger 
bronchi oontaiued no mucus, but there was some frothy mucus in the smaller 
bronchi. At 5,21' the ossophagus contracted rhythmically when laid along wh i’ 
the heart and luugs on a ]il.ate. It conAinued to do so briskly when stimulated 
on its mucous surface, after being cut open. 
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action w CIRCULATION AND RB^iPIRATlON. 


FxPr ^ micicllt? size was laid on tlie table, and cliloro- 

form adininiitered. While this was being done, the dog ."'aJivaterl profuseiy 
ftrifl piisst^d urine. The heart sounds at the time were perfectly nornnil. The 
operation of exposing the carotid was begun at 2 , 57 ^ P.M. 


Rcniiirbs, 


ftrae. 

JlmMiry. 1 
Hx. & Min. 1 

Alcan. 

Pulse. 

Resp. 

p..vr. 

Inches. 




2 . 57 ' 

. « 

.. 

108 

?0 

3 . 41 .' 30 

. . 

. . 

• • 

• • 


5—0 *5 

, . 

8 t 


3 . 13 ' 

5 -0 -5 

5 *05 

. • 

20 

3 . 18 ' 

6 — G -6 

5 * 05 


* * 

3 . 55 ' 

■ 

6"~8 

6*3 

• • 


3 ..'> 5 ' 20 



» a 


ft - yd ' 30 

4 - T — 3-0 

0*1 ( V 2 

» 9 

12 

3 . 59 ' 30 

3 • 8-.-7 ‘7 

5 -8 

. • 

• • 

3 . o 9 ' 45 

4—8 

5*7 



’ 4 . 0 ' 

■1 a— S -3 




4 . 0 ' 15 

5 --8 




4 . O ' <15 

»! - SI --7 -2 




4 . 1 ' 20 

4 -S S ‘2 

6 -4 



4 . 1'50 

6 - 2—7 ^ 




4 . 2 ' 15 


0’7 



4 . 2 ' 30 


0*8 



4 . 2 ' 45 

( 5 - 3-^7 *5 




4. 3 ' 25 

0-8 1 

6*95 



4 , 1 

5-2 -8 *2 

7-0 

80 


4 . 4 ' 45 

0 - 3 — 7 0 




■ 1 . 5 15 

5 '8 -S 




4 . 5 ' 30 

0—7 *8 

0*9 

• • 

12 

- 1 . 7 ' 

0--7 *<8 

0 *7 

« a 


4 . 7 ' 20 

0 • 1 ^- 7 ’ 7 




4 . h ' 

5 S - 7 ’() 

0*6 



4 . 8 ' 15 

5 0—7 '2 

6 *5 



4 . 8 ' 40 

0 - 3-80 




4 . S ' .50 

6 * 1 — 0-9 




t. 9' 

5 * 8 — 0 -S 

0*4 



4. t»' Mf 

' 5 * 8 - 7 '2 

0 *35 



4 . 10 ' 20 

5 * 5-0 *7 


• • 

30 

4 . 10 ' 30 

5 ‘6 ~7 '4 

02 



4 . 10 ' 40 

5 *3 -0 *7 

0*15 



1 . 11' 40 

5 5-0 *.> 

0 0 



4 . 12 ' 5 

5 * 5-7 0 




1 . 12 ' 25 

5 - 3'— 0 *2 




4 . 12 ' -W 

5 * 0-0 *7 

5 '8 



4 . 13 ' 30 

4 * 5-6 *3 

5-7 ! 


38 

4 13' 45 

4 * 5 --6 *2 





I 

I First ineision luade. 

I t lip removed. JM ere ury rose. 

The jugular Teiu W'as now ii^d. 
No very niarlccd efiect on the 
inercury. 

The iujcrtiou of 1 grain or digitu- 
liiie in about 2 ozs. of water vs as 
begun into jugular vein. It 
filled the syringe four times. 

Inj cetion completed. Dog moan «. 

Dog cries. 


Dulse iiregulsr. 


Ihdso irregular. 

For aKnit three pulsations, or so, 
the mcrcui*v oscil lutes within 
0*2 of an incli, and then there is 
a sudden rise or fall. 

1 0 


IIG ON DIGITAIJS, WITH SOME OUSKUVATIOXS ON TUB I’UINE 


Thuo. 

! 

; Mercin-v. 

; T4 'x. M iiK 

i 

j 

j 

i 

I'ulso 

Rp.sp. 

1 Remark?. 

1 

1' M. 





J.M lO 

: 4- -5 8 -0 

5 '4 ! 



ij 

; 4 3 5-2 

5 * a 1 



•1.15' 

1 !■•5■■-0'(> 

5*25 ; 



4.1.V 15 

4 2— 5*0 


i . • 


With itigpimtiott. 

4.1 (r 

: 5 -0 7 M) 

i 5 -a ; 



•l.HV 10 

4<r--5'8 

! i 




4-2-4)-0 

15*1. 1 



4.0V 45 

4-5 -<.;-7 

! 5 *2 ! 



4.10’ 5^» 

4 0--0*.S 

i ' 



4. ir/ 55 

:i:5--(>o 

! 5 *1 



•1.17' 10 

2 -7* -70 

1 5-u 1 .. 


Dog very rciitles!?, Strngglor?. 

4.17' l‘> 

4-U -G 'J 

i 4 *0 ' 

1 


4.18' 10 

4 5—5*0 

1 5*1 ■ 



4. IS' ;jr> 

4*7— 0*2 

1 5 ■•’»5 • 

1 


4.1S' 45 

5 0-0 *0 

5 a : 



4.1 ir 15 

« 

I .. = 


A blowiiifr nmrmur is Iioaril will. 





r.jie i.'f tin- jicarl’s ‘yjinMl.-, hs'd. i: 






is ‘.litlicult* to (.Listing uisJi will? 


j 




v.'liiti;. 

4.111' jr, 


5 -1 




4.21 ■ 10 

.1*0—0 0 

5 *0 




4.21' :J0 

■ra 5*7 

5 *« • 




•1.22' 

; ;i*s 0-0 

1 - o 




4.22' 25 

a 5 -0 •() 

4 '7 




•I.:?:?' HO 

; a -2- 5 *8 

4i -5 




4.24/ 

j :i-i--5*5i 

• j • 1. 

1 



4.21' 10 

i a '2 -5 '2 

4 *2,5 




1.21' 15 

i 2-0 5*1 

4*5 




4.21' 25 

1 3 •-' o -0 





4.24' 2>0 

; iJ-i» 





4.2-i' 45 

' 3 ■■.>.— 5 -0 





4.25' 

i 

4 *25 




4.25' in 

i 3-2-.j'0 





4.25' 1 5 1 

! 5*0 

, , 



Dog attempts to b.iirl:. 

4.20' j 

[ 4-2— -j-a 


j 



4-.2G'' 7 1 

' • * 

4 ’•! 

! 



•1.20' 25 1 

1 

•* * 5 




4.20' 45 i 

1 !! : 

■1 -0 ! 



4.27' i 

i 4*2 5 -a i 

4-o:i 

• • i 

22 


4.27' -K) 1 

' 4: n 5 *8 j 

4 '(j 1 j 



4.2b' ! 

a*8--5*8 I 

4 *0 j ! 



J .28' 20 

a a- 5-4 i 

4*5 ! i 



4. 28' 50 

»j .-f - . .J 'i 

r» w •/ i. 1 

4 -a I i 



4,20' .1^) . 

a -a 5*8 1 

i j 



4.20' 20 i 

2*0~-5’-l: i 

' j 



4.20' 45 i 

J 

* • } 

1*1 

• * 

• . 

Dog ho^vling. 

4.50' 20 

' • i 

a *05 ; 


55 

a 5 *5 1 

■1 '0 ; 1 


4.3i' 


• • ; 

•- 1 

.. 

ilnurt'.> iinpiil.-o .'^trong. Loiu? 

■: 

i 


1 : 

blowing nr.in.ii!ir, Avliicji h1.hwj4; 


1 j 

seems ti‘ l>e witli botli 




nno eerlai.iiy i?i witb ono — I 

1. 1 

1 1 

think tb.o Jirst. 




ACTION ON CIltCULATION AND .ItESI'HtATiON, 
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i'iiMe. 

Mcrourv. 
Mx*& Min. 

Moan. 

Puhi\ 

Itcsp. 

lloinarlp. 

I'.M. 

Iiu/fu’s. 





4.:!;'' 40 

3 (y 5 -2 

3-9 




4.S' 

2 ‘0 


• • 

* m 

Very irrognlar. 

\M' 10 

2 *8—1. -7 

3'S 



•i.a i.' 20 

3 -2 1 () 

3*8 




40 

3 -0 -1 *8 

, , 


26 

'I’lio rneroiiry ^oes np sudJonlv, 






11 ! id fiill.'4, as it were, by .several 
short .steps. 

I.a5' 40 

3 -1— 1 -5 





i.ar/ CO 

3 3’ 4 7 





AM' 1C 

2 -8- 4. -2 

3 -8 




4.:{C' 50 

2'{»- 1 '5 

3 -75 




4..C7' 15 
i :i0 

3-1— -1-4 

3-7 




10 

* • 

3 '05 




4.:is' ao 


3‘(J 




■t.38' 40 





IToarrs impulse Xelt ilislinelly 
and a))]i}uvntly iiierefvsed. IMur- 
rnur still pr/'.^^ciit. Pulse eunnot 
well be euuiiieil, if is so tjuiek, 
small, and irregular. 

•Cl’O' 15 

3 - 2-1 *3 

3 -55 



j.(V ;w 
111' 10 

3-1— .1 -2 

3'4 

•• 

18 

Brent liiiig (piiet. 

! . 11 ' 20 

2*.S - 3 ‘7 

3 *3 




1.4 r‘ 50 

: 3 '0-3 -7 

3*15 

1 

1 1 


j.J2';it5 1 

1 2*7-3’4| 

i • • 

* * 


White I’rothv .“’aliva Hows freely 
fioni the inoulli. Bog lies 
quiet. 

4.4:V 20 

2\S-3*7 

! 3'15 


1 

! . !4' 20 i 

1 2 '7— 3-3 

; -0 1 

j 



li:/ 

i 2 '0-30 


I 



k4C' -10 

; 2 '4-3 -2 

: 2'0 




4.2!/ i 

i 2 'C— 3 3 

\ i 




1.47' ! 

1 2 0- 3 • I 

I .. 1 




4 17' 20 i 

, 2'7--^3'7 


i 

• • 

Breathing quite quiet. 

1.1?^' 10 ! 

2*7 ■3'r> 


1 

i 1 


lirriiil V 

; 2-8 32 


1 



loo' 2i) 

i • • 

1 

1 i 



I .Oi' 45 
i.y.y 50 

i 2--t-2-7 

: 2 *75 ; 

i j 

; j 



1.-70' I0l| 

\ ■■ 

! i 

• • 

, , 

: ^^OHns slightly. 

1.50' 50 i 

i 

; 2 '05 : 




4.51/ lij 

2 •-I- 2 -S 

; 

. . 


i Moans, aiid make-s sliglit elTorl . 

4.51' 40 

3 -CO 

; 2 8 1 

1 • - ' 


d'he oseilljitiug euiiimn stopped 

1 

1 

i 1 

1 


quite still ut. 3.50. The mean 
eolninu .sieadi’v rose Jil! they 
l oth nfraineil tlie same heiglit, 

! and there tliev remained. 




i 


1 'Diinl-ing that tlure ^^as a. riot 
i funned, tlie- nuz/le ua'^ removed, 

1 but there was none in the instru- 
juent. The artery wa.s then 




1 


: pressed to break up any clots 



118 OJJ DIGITALIS, AA'ITH SOME OBSERVATIONS ON THE DlilNE 


Time. 

IMcrnirv. 
Mx. & Min. 

M(ran. 

PuUo. 

Itesp. 

Kemurks.^ 

P-M. 

4..rT ; 

Inches. 

i [ 

I 



tliat miglit bo in it, though none 
were felt. 

; Botli have stopped. 

4. ">7'' ' 

. , 

i 

• • 


: Till* artery opened. 

4.58' i 

• • 

., 1 

• • i 

i • • 

i The dog threw back bis licad, 



1 

1 


made .several eonvulsive respira- 

1 

i 

I 

1 

i 

1 

i 

! 

‘ tions, aiul died. 


Post-mortem oxariiiofttion miulo iinmodiatoly. 

Oil opouing the thorax, air rushed in. Trie luutjs were naturil in colour, and 
rery much < olla|ise i. Poth sides uf the heart were full of Mood. The vena 
cava and Tenons svstoni generally turgid. The yeins of intestines and viscera 
congcjitcd. The venous blood was dark in colour. On piucliing tho phrenic 
nerTO, the diaphragm contracted ; and on pineiiing tlio left plirenii*, the «ontrac- 
t ion was not confined to the loft side, the fibres of tlie riglit luilf visibly and 
j)laiiily contracting. Ou tying tho vena cava inferi* r, and cutting it beyond 
the ligature, the fluid blood, which issucal from the lower end into the thuraoic 
caTifcy, and wliitdi was verv dark coloured coagulated in about a minute. (This j 
is by guess, not by a watidi.) The heart scom-s (pdfe norrr.al. Bladder whs fidl. 
No tMuisiflon of senu.m or mucus was ol».scrTcd. ilalf a grain of the digilaline 
used in this experinit nt had been di«s dvetl in a small tpiaiitity of spirit for 
another purpose, but not used. Tiie spirit had evaporukd, and tlie digituline was 
in a resinous- looking mass - not iu powder. 


Exp. VII. — Jan, 2d. — d'ho dog operated on was a barge mongreh It was 
thin arid weak, and had had loose .and sometiinrs bloody stoobs for some vlays 
back. It was tied down and ciilori ‘formed, I tlieiv <jx]){>*iod both vagi, and 
}.>a>sed ligatures under thovn, so as to pull them nearer tho surface, when they 
were wanted for see! ion. Tho hiCjnadyiiau'.omefiT was then in.^crterl into the 
left carotid. The mean tube seemed somewbat cliokcd at the c*a 2 >iilary part, 
80 08 not to work freely, and its indications were therefon* not quite trust- 
wor! Iiy. 


Time. ' 

Mercurv. 1 
Min. A M x. 

1 j 

Mean. Pulse i 

. ! 

P.M. 

Inches. 

i 1 

2.W 45 

;i*44 

j 

. , 

3 ’4- :i b 

2 -0 : 

2.5b' 

3 '3- 3*8 ; 

; ! 

3. 

. . 1 

1 1 

! . . ! • • i 

• • 

2 *5-4 ‘5 


t • 

3 -5—4 '5 

3 ! 

a.r 

2 -9- 3 -3 

1 

3.1' 30 

2*3 

3 '4 I 


[\esp. j Jlcmarks. 


The merc\iry ogcillaks steadily, 
lioth vagi were cut. 

Meicury fidi to 2 ’5. 






ACTION ON CIIif ULATION AND RBSHUATION. 
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Ti-iit?. 

Mrti. & M X. 

Moan. 

Pulso. 

Rosp. 

Remarks. 

c 

P.M. 

f noli os. 





ii.2' 10 
;iV lio 

:V0- t*0 
ii ^ *0 

it 

•• 

*• 

I’ul?o .sloivor. 

:i2' -K) 

4 0’ 'i 5 

•• 


•• 

Tlic do^’s brofithing is gasping. 

, , 

1-2 

. . 

. . 

. . 

Gasping. 

3.a' 30 
3.1' 

3 t'iO 
3.1' ■«) 
3.5' 

3 5' 10 
3.5' 10 
li . b .1 5 

m 

;}.u/ 

2 8-3 -5 

3 2—3 m; 

4 *0 i ‘3 

3 S— 1-2 
4*0-4 3 

4 0 -I* 3 

4-2 t-5 

4 *2 -1 o 

4 *2- I 'r> 

4 1- 4 - 1 

3 *4 

3 *4 

3*4 



Ala nil si aro working. 

ao 

41 - 4-3 

, , 


, , 

Mucus runs from nose. 

,112' J 5 
3.i:r 

:{.!;V 

4*1-4 4 

3 ‘0 -1: -3 

3 ‘8- 4 *2 
3-7-4 

3 *5—3 *0 

3 *5-- 4 



20 

Kospiration becomes inoro joi’king. 

3.17' 

3.17' 13 

3-4-3 0 

3-4 -3 -7 




Clu'oks puff out with every respi- 
ration. Whole chest and alido- 
men heaves up en masfti?. 

3.11)' 

3 -1 -1 

. . 

« . 


i llrffli-hiTig suddenly very gentle. 

4 -2.5— 4 -3 

* • 

i 

14 

1 1 inspiration is made by a series ol’ 

1 iittlo jerks — expiration made at 

1 once. 

3.21' 40 

• • 

•• 

1 

* * ! 

! Distinct Mowing muninir with 
the sound. 

3.24' .30 

4*0 - 4*2:. 

1 

1 •• 1 

i 

! j 

Tlic im ivury rises suddenly with 
expiration, ami falls by a .series 
of little jorlvg. IJr. Mt'hing 
stronger — a kind of coughing 
or snorting ri'spiration. 

S.2G' 10 

-•* 

3.2S' 20 

4*2— 4*3 

3 *0 -4 *1 

4 *2 -4 *3 



1 " 

i 

Dog throws back head. iMercury 
falls. 

3.2.S' 30 

4 0 -i -2 


1 ' * 

1 

Dog snorting. 

3. .30’ 3,". 
5.3 1' 
3.32' 15 
3.33' 30 

3 *5 —3 V 

3 *0 1*3 

4 *3 1. -5 

4 '4— 4 -5 

4 *2- 4 *3 

i 

t 


i .! 

{ 

Convulsive niovemont. 

3.37' 

4 *0—4 *2 

, , 

, , 

, , 

tTugular vein cleaned. Dog snores. 

3.38' 





Jiimdar vein tied, and \ grain of 
digital ine in water injected into 
it. (llie time of the injection 
is from memory.) 



120 ON DIGITALIS, WITH SOME OBSERVATIONS ON THE URINE. 


Time. 

Mercury. 
Mill. & Mx. 

1 

Mean. 

1 

PiiUe. 

Kcsp. 

Bemarlss. , . 

P.M. 

» • 

Indies, 
4-0— 4 -1 





3.39' 30 

4 '5— 5 

, • 

• • 

* , 

Coil V nisi VO movement. 

3.40' ]0 
3.40' 30 

3.41*' 
3.41' 10 

4*4— 4*9 
— 5 ■ 5 ! 
4 *7 — 5 ’5 

--5 -8 
4*9 — 5*4 
4-9-~5*7 
4-2— 5-0 

5 

5*1 

5 

5 

• • 


Low' sighs. 

1 

.« 

4-7— 0-1 1 

. • 

• • 

. . 

.Stops. 

3.43' 

1 




Heart acts very irregularly. The 
sounds arc like toot.-fcoot-toofc- 
toot- toot-toot' toofc-toot-too. 

Heart very w'eak. Loud snort- 
jng. 

3.47' 1 

# m 

« . 

« • 

• • 

Convulsive movement. 

3.4H' 

, , 

, , 



Cougliing. 

3,59' 30 

5 ‘3—5 *4 

• • 

• • 

• • 

llreat.liing very slow'. Heart 

iliiimping against tlio ribs. 
Breath laboured. 

4,5' 

4 *5 — 4 •(> 

* • 

• • 

• * 

Heart irregular. Breathing, sigh- 
ing. Hog put back head coii- 
vulHivoly but gently. 

4.7' 30 

4.8' 5 
4.9' 10 

4.10' 10 

3 ‘7—4 -5 

1 4 '1-4 ‘7 

3 ‘5—4 -4 
4-0— 4*5 
t 3-7— 4-3 
; 3 4 -4 



10 

lles)>irabions long^ and sighing. 

4.11' 10 

4.12' 

4.13' 

3 ‘5 -4 ‘1 
j 3 0—4 *3 

1 3 -2—4 

• * 

• • 

1 

1 

1 

• • 

Breathing very quiet. 

4.14' 

j 3 *2-4 -5 

, , 

* • 


Hog moans. 

V 4.14' 45 
4.15' 
4.10' 50 

3 *4 — 4 *7 

4 ‘3—5 

3 •9—4 -5 



« • 

Con vulsi ve movemonts. 

4.17' 30 

* 4 0—4*1 

1 

1 

•• 

•• 

Oscillations stopped. 

4.18' 

4 ’.1—4 '4 

. • 


, , 

Strong heat oP lieart. 

• « 

3 -5—4 *2 

• » 

* • 

• * 

! V'ery ir regular. Mcreiiry as^.jnds 
w'ibli expiration, and occa.sioiially 
stops. 

4.20' 

3*5—4 

3 *0—4 

* * 

• • 

• • 

Snoring, respiration, and a quick 
weak moaning. 

4.22* 50 

• • 




Oscillations stopped, blow'ing 
murmur at heart still present . 

After trying to dislodge the dot, 
without, effect, the apparatus 
was removed. 

4.35' 30 

• • 

• • 

* • 

•• 

Dog moans. Coiivulsiv<? br<fath- 
iiig. Heart strong and regular. 




ACTION ON ClltCUI.ATlON AND IIESVIIIATIOX, 
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Tiiiic. 

Mercurr. 
M\. & Siin. 

Mt'fiij. 

Pulse. 

1 1 

1 j 

Resp. ' 

KemarLs, 

1 

• 

P.M. 

4 B 0 ' 

Inches. 

• • 

1 

! 

1 

• • 

i 

i 

i 

1 .. 

i i 

j ! 

1 

i 

1 

As the clo;f (lid not- soeni about to 
(lit*, and wc^ could not wait any 
lon^C'r, his spiiinl cord was 
sovtu’cd just hetwciMi the occijnit 
and atlas. 

Post-iiiorteui made innncHliattdy. 
On opening tho clu^st tlui lungs 
collapsi.'d. The In'arfc was b(*at- 
ing Tigorously. At tlio 

heart stoj)ped, hut could bt* re- 
('X(;dt?d to eontiMct. The venous 
system was much trougested. 
lioih sides ol‘ the bcMirt eontaimui 
Ihiid blood. 


Kxr. VI IT . — March 0. — A iinVMlo-sizotl tloj; was put iindor chlon)f'ovm, and 
tlio lia-uiadyuaniometer applied to the carotid. 


Tinic. 

1 

Afereurv. 
AIx. A M in. 

ATc*an.! 

Jhilse. 

f 

1 

1 Resp. 

i 

Rcmiark.s. 

TAf. 

J nehtfs. 

0 -o— r, *7 

5 -5—0 -7 

(5 

5-0 



Mtu’cnry sinks inarkc'dly with 

-3.30' 

3.3y 

5 *5 — 0 *5 

60 

i 

IIG 

IS 

juration (in.**pirat.iori P). Dog a))- 
jx'ars to be i^e^^ from ebluroform, 
and seems to feel puin as he 
[ groans. 

Tnieeted ^th of a grain of digit.a- 

3.3fr 





Un(j in water into the jugular 
vein. 

Dog njietui’at(al and voided fa*ces. 

3.d-0' 

5 - 3 X 7 

(>•4 

*114 

14 

Pulse regular and stronger than 

• 

3.42' 
3.15' 
3.10' 35 

3 :>~7 

6 *4 

110 

il 6 

• « 1 

befor(\ 

Tnj(*ct(>d 4 of a grain more. 

3.50' 

5 -7—7 -8 

. . 

ibo 

• « 1 

Pulse regular. 

3.55' 

■t-H 

. . 

, , 

•• i 

Alerincry went down as low 4'8. 

3.5r/ 30 

Ct 

c 

1 

. . 

108 


Pulse mnrk(*dly smaller, irregular. 

4. 

5 -7—7 -O 




and with oec'asional interaiis- 
sions. 

AVith resj)iration the ni('v..'iiry falls 
more markedly than b(>fore. 







122 ox DIGITAUS, WITH SOME OBSERVAllOXS OX THE UniNE. 


Time. 

Mercury. 
Mx. & Min. 

Mean. 

I’ulsc. 

Besp. 

Kemuj ks. 

P.M. 

4.1' 

Inchc-S. 




Pulse very markedly intermittent, 

4,8' 

4 0 


1 

1 


and the mercury falls at each iuib 
tormissiou as low as 4. 

Pulse gives one strong beat and 

4.10' 

• • 




then 6 OP 4 feeble ones. 

A drop of prostatic mucus exudes 

4.16' 

• • 




from the point of the urethra. 
Pulse very intermittent. Animal 

4.24' 




[ 

shivers every minute, or oven 
more frequently. 

The lucmadynamometer stopped 
working. 

Ileadjusted tlie jspparatus. 

4,26' 

5 0^7'7 

6 0 

104 


Piil.se ii termittent. 


5 8 --7 ‘5 

6' 5-0' 6 

, * 

, , 

Animal continues to tremble. 

4.29' 

• • 

6*65 


*' * 

Oscilhitions more stendy. 

4,29' 30 

« • 

, , 


* • ! 

Clot again formed. Almost con- 






stant tremors. 


Tbe apparatus was clt^anecl, and again adjusted at 4.40, but t>je ii 07 .z\e came 
out, and tliore was a gusli of blood, and as this would have thrown sotnefallaej 
into the future reading of the mercury, the artery was ligatured, the wound 
stitched, and Iho dog released from the tab^e. It lay for a few minutes, and 
then began lo try and get oflF the mux/de. When this was removed, the dog 
rose and walked about. It seemed rather stitf at first. 

Exp. IX. — March 20, — The dog operated on on the 9th, having recovered, 
was put under chloroform, and the carotid exposed. The dog was then allowed 
to come out from the chloroform, wdiich it did at 2.15 P.n. Instead of di^ita- 
dne, the extract obtained from commercial tincture of digitalis was employed ; 
the tincture being gently ovapordted, and the extract then dissolved in w'ater 
and in jjftcted. The hoemodynumometer giving the mean was employed. 


Time. 

Mercni’y. 

Mean. 

Pulse. 

Ilcsp. 

Kemarka. 4* 

P.M. 

Inches. 




2. 

, . 

104 



2.37' 

5 5 

• . 

, , 

Hiemadynamometer set w-orkirg. 

2.37' 20 

5-7 

. . 

. . 

Prolonged sigh. 

2.38' 

5*1 



2.39' 

5 *1-5 *3 



! 

2.41' 

5*4 



During a long sighing inspiration. 

6 ‘3 

1 


■ 

2.42' 

6 0 

i 1 


1 

1 








ACTION ON CIRCULATION AND RESPIKATION. 
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Time. 

Mercury. 

• Mean. 

Pulse. 

Rosp. 

Remarks. 

‘p.M. 

Indies. 




2.42' 10 

5*2 




f .42' 25 

5-5 

100 



2.44' 

. . 

. . 

14 

Pulse sligliily intermittent. Respiration 





very sighing. 

2.44' 30 

B-4-5 -5 




2.45' 

5*9 

. . 

. • 

Injection of extract equal to i dr. of tine- 

2.40/ 

4-5 



tare. 

2.40' 45 

3-9 




2.47' 

3 '7 




2.47' 5 

3 0 

. , 

• • 

Injection of extract of 1 dr, of tincture. 

2.47' 25 

4-8 

lOS 



2.47' 40 

5*4 




2M' 20 

5 5 




2A\y 

5-7 

. . 

. . 

Under the strongest expiration. 

2.49' 

5*9 




2.49' 15 

G*0 




2.49' 30 

6*3 




2.50' 15 

6 15 




2.51' 45 

0-0 

102 



2.63' 

5-6-6T 




. , 

5'7-5-S 

*• 


When lying quiet. 


• • 



At every expiration there is intermittence 





of pulse. 

2.54' 

6-9-G ‘0 




2.55' 

5 *6-5 -7 




2.56' 

5*5 

7C 


Intermittence ami irrogalai ity both as to 





the lengtli and strength of pulsations. 

• . 

, • * 

, , 

12 


2.57' 20 

5 '4 — 5 ‘5 

98 



2.59' 

5-8 




3. 

5-5 

100 

14 


3.2' 

5'8 

, . 

, , 

Dog howling. 

3.3' 

5 ‘5 —5 7 




3.'!' 30 

5-9 

. . 

, . 

During a struggle. 

3.4' 45 

G-0 

. . 

, , 

During anotlier. 

3.5' 

6*1 

, , 


Still another. 

, , 

GO 




3.7' 

5-7 

. • 

. , 

Steady. A clot -w^as suspected, so the in- 





strument was removed and examined. 

3.1U 30 

5-3 

. . 

. , 

Instrument replaced. 

a.ii’ 

5 *5 

131 

, , 

Heart’s action against the ribs is strong. 

3.12' 15 

5-7 




3.13' 

5 • G 



i 

3.14' 

6 ‘5 

, . 

, , 

1 Steady. Clot agjiiu sii.^pectecl. Instru- 





j meiit. removed. 

3.16' 40 

5-8 

, , 


; Pulse is more regular. 

3.24' 16 

. . 

, , 


Instrument again replaced. The mercury 





rises in a jerking iashion. 

3.26' 30 

5-5 




3.26' 45 

5-8 

*• 

•• 

Injected part of extract of 1 dr. of tinc- 
ture. No struggle. 

3.26 

5*9 

1 06 

• • 

Respirations few and sUglit, quite quiet. 








ox OIGITAIJS, WITH SOME OBSEltVATIONS ON THE UJJINK 


Time. 

ifercurr. 

Mean. 

Viilse. 

llesp. 

Hemurks. 


Inches. 




3,2f/ 15 

4-6 

100 

, , 

Injefted the reinaiiulei* of the Avater and 





extract. 

^1.20' 30 

4.7 




3.27' 

5 0 


. . 

Pog’s breathing is loud and Avliistliug. 

3.27' 5 

5 *3 

. . 


During a great struggle. 

3,28' 

6 •35-5 -6 

5 1— 5 '3 

’i;4 



3.28' 45 

4 -8— 5 -0 




3.29' 

4-5— 4-7 

, , 

. • 

Pulse Tory intcrTnitfeiit. Dog quite quiet. 

. . 


. . 

12 

Gasp i Ji g respiration s. 

. . 

4-5— 4 -6 

. 

. . 

Respiration iimeh less deep. 

3.31' 25 

4 -7—4 -3 

44 



3.31' -10 

40 

50 

, , 

Movement of mercurial column barely 





perceptible. 

3.31' 50 

4*95 — 5 *0 

, , 


Heart’s action weak. 

3.35' 20 


80 

. . 

Pulse feeds rather a Avarering tlian distinct 





heaits. 

3.43' 5 
3.48' 20 

3*3 

i*iG 


Jlicniudyimmometer stopjjod. 

3.48' 50 

3*2 

, . 

, , 

Dog perfectly quiet. 

3.50' 

3*2 

ISO 



3.52' 

3*3 




3.61,' 

3-2 

172 


There are variations in the quickness of 





the pulse witliout variations in arterial 
tension. 

3 57' 15 

3T 

140 



4.0' 30 

3*2 




4.1' 30 

3-2 

ion 

1 


4..T40 

3*25 

170 

j j 


4.16' 

- 

• • 


Breath feels distinctly cool on the liiind. 
Clot again formed. In adjusting the in- 
strument again, the blood from the 
artery was noticed not to be very florid. 

4.26' 20 

2-8 



4“27' 10 

2*6 




4 27' 30 

2*8 

156 



4.31' 20 

. • 

• . 


Injected extract of 1 dr. more. Mercury 


t j 



rose 0*3 during injection, and then fell 
down 0*4 below former level. 

4.32' 10 

2*4 




4.32' 40 

. 2 *4 

174 

, , 

Wbistiing respirations. 

4.33' 40 

2*7 

.. 1 

. . 

Dog struggling. 

4.34' 40 

3*4 

166 


(Juiet again. 

4.38' 30 

3 0 

. , 

12 


4.40' 10 

2 9 

1 

1 



•• 

3—3*1 

175 1 

1 

1 



At 4.50 tlio experiinont stopped, and clo^ released from the table at 5 o’clock, 
the wound haring been sewed up. It walked about, but avus weak, stiff, and 
staggering, and almost immediately began to vomit, and did so several times. 
It died several days afterwards. 






ACTION ON CIKCUIiATION AND RKSflKATION. 

Exp. X.— April 5. — A large clog opemlvo<l on. No cliloroform wasf 
given, as after 1 liml scon an operation coiidueled on a dog Avitlioufc chloroform, 
I conchfdcd that the uneasiness they suffered while getting it was worse tliniii 
they seemed to c\p(n‘ioneo from the operation. The first incision was made 
•about 11.38, denned a part of jugular vein and carotid artery, and in.scrted tlie 
hamiaclyufiinometcr. The moan tube of the double instrument having beent 
^partly choked, atid not working well, I had another made, but not being drawn 
to a tine enough bore, the mcrcur}’^ oseillate(l too mueh in it. 


Time. 

Morciirv. 
Mx. & Min. 

Mean. 

Pulse. 

Rosp. 

It('inarks. 

p.sr. 

Indies. 





12 . 2' 20 

5 *5 — 0 *3 

rj' 9 - 6-2 

132 

•• 

Clip restraining blood removed,, 
merenrv at once ro^e. 

12. 7' 

5-9— R -5 

. , 

. . 

• • 

Dog moaning. 

12 . 11 ' 

5 ' 5 — 6 '5 

5 0-02 

134 


Mercury rises with expiration, 
falls with in spiral ion. 

12.15' 

5 *5 — (i *5 

5*8-6-2 

•• 

•• 

From groaning its respiration is- 
quick. 

12 . 20 ' 

5 •4r-6 '4 

50 Gl 

•• 

•• 

Maximum on a d(?ep inspiration 
descends to 5, and mean to 5*3. 

12.2-t' SO 

5 *.1 

5-9- 6 T 

, , 

. • 

Jugular vein tied. 

12.24' 50 

6 -O-O *5 

5 s— r, * 4 

• • 

• • 

• • 

In j (Action of one syringe -full of 
infusion of digitalis complotecl. 

12.20' 30 
12.27' 

5 -S— (i -2 

5 -S— 0 -2 

•• 

140 

120 



12.30' 

12.31' 

5 •(>— 6 -3 

5-0-0-2 

80 

•• 

Pulse intermittent. 

12.32' 

. , 

|r>’9-0-3 

78 

. . 

Dog quiet, not moaning. 

J2.31' 


5'9-0-3 

. . 

14 


12.35' 20 
12.38' 

G-5— 6-5 

50-0*3 

5*7-fV2 

78 

! 

Oscillutiiig very steadily. 

12 .' 1 (/ 

5 ‘5 

5-9-C).2 

•• 

•• 

Pulse varies fr«nn 22 — 27 in i of 
a minute, not in’crinlttcul. 

12.43/ 

5 -5—6 -3 

5’9 6*1 

88 


■# 

12.42' 



84 


For about four or live be.‘i.ts it is 
VC 17 dow, and then quiek f.vr a 
few more. Dog lias jias.*ed st. iue 
lirostatie laiicus. 

12.45' 

# 

o * 0 “”C *3 

5S-6*2 

• • 

• • 

Mean oecasionally clcsceiids to 5'1\ 
and then rises. Dog wliinijig 
and whistling sTglit.ly. 

12.18' 

12 51' 30 

5*5— 0-2 

5*7-(V0 

5-8-6-1 

90 


Mcreiivy descends on insj)i)atioM 
to 5*4, and next pid.sat;oii locs 
up to (>' 2 , /i Ills of au inch ot 
oscillation, '^riitui there are se- 
veral small pulsaiions of about 
-^^Jjths of an inch oscillation 
each. 

12.53' 30 

5 -5—0 '0 

5'5-5'7 

104 


Dog whining. Average osoillu- 
tion of iiiaximuin column is 
•^^^jtlis of an inch. 
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Time. 


Mcrciivr. 
Mx. & Min. 


i in; lit s. 


lilean. 


Pulse 


Resp. 


Rtiintirks. 


12.5r/ 15 

5 ’5 — 6 ‘0 

5'9-6'2; 


12.5S^ 

5 -5— (> -0 

V5-5'7 

100 

1. fV 15 


r,- 8 - 6'0 


1. (/.Mo 

, , 

5 '5 

, , 

1. (V 50 

. , 

“)*5-6' ] 


i 

5 *5 — fl 1 

.V7-6 1; 


00 

5 - I— 6 -0 

‘>'6-5'9 

84 

1. 8' 30 



1 .. 

•• 

4 -S— 6 *0 

4'9-6*0 



5 -5 

5 '5 


1.10' 

4 ‘5 — 5 *0 

4'8-5'0 


1.11/ 

, , 

7’5-7-7 


1.12' 

5 *5 “6 *5 

6'0-6’3 

! 70 

1.10' 

6 0—6 *0 1 

i5*5 -5 8 


i.ia' 15 


5' 5-5' 7 

100 

1,15' 


50 

124 


5 *0—5 *7 

5'0-5'7 


1.20' 

5 '3—5 *5 

5*0-5' 3 

*• 

1.25' 

5*0— 5*7 

5*3-0'5 

112 

1 .26' 




1.27' 15 

5 *5—6 -0 

5'5-r)-8 

- 

1.28' 15 

.. 

5*3 


1.20' 15 

5 -2—5 '6 

.V3 5-6 

116 

l.UV 

5*3— 5-5 

5-4 5.5i 

116 

1.4 /*15 

4-5 

4-5 

•• 

.. 

5*5— 5-6 

rr3-5'6 


1.4^' 

5 5 0 

4 9--5'5 

118 

. . 

At 5. 

5'0 

. , 

1.50' 

4 '0—6 '0 


, , 

1.50' 15 

^ , 



1 .50' 30 

, , 

5*0-7*0 


1.50' <15 

. , 

r>*(V6-5 


1.52' 

5 *0 G 0 

5'5-5'8 

66 

1.56 




2.13 

. . 

. . 

102 


• • 

* • 

• • 


ihifc dog whining more loudlj^ 
and respii-a'.ioii thus disturbed.^ 

Pulse lias continued irregular 
since tluit was noted first. Dog 
quite quiet. Maximum column 
goes doxvn to 5 on inspiration. 

Injection of one syringe*fuU more. 


Maximum occasionaUy descends 
to 5. Ociu'ral oscillation i.s 
T^'^jtlis of an incli. 

Dog moans loudly. 

During long inspiration it dr- 
flcended. 

During long expiration. 

Dog tries to vomit. 

D uri n g vomiti n g . 


Pulse regular. Again tries to 
vomit. 

Mean o-scillatlon of maximum 
column aV-lis of an inch. 

Both tub cca.sionally descend 
to fit. 

.Vgaiii vomits. 

In ordinary pul.sat ions the oscilla- 
tions arc -y'jfchs of an inch. 


Injected one syringe-full more — 
mercury at once fell. 

Breathing very rapidly and cfet'ply. 
'l'ric.s to vomit. 

Again vomits. 


Oscillation of max. column, after 
a “deep inspiration, is about 
1 inch, and then about ^^yths 
each after. 

No cardiac murmur. Dog whines. 

Dog loosed. 

lie walked steadily, and recovered 
in a fow days. 


20 
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The infusion used in this case was made by infusing 2 drachms of powdered 
digitalis leaves in 4 ozs. of wati^r. 

Exf. XL-rr~Kov. ?.5, 1864.— At 10.12 a.m. I injected 4 milligrauis of 
dlgilaliue, about -i- jth of a grain, auspencled in about 30 miniins of distilled water 
iutt? the 6ubf:uta»icous cellular tissue of tlic lumbar region of a Skye terrier, 
^’hree niinute.s after he began to lick the part, and when the injection was made, 
showed signs of irritation. In 4J minutes he seemed a little confused, and 
began to lick the corresponding ]>arfc on the opposite side. In 5 minutes his 
tongue began to loll out (wliicli I have hardly ever observed in him before or 
since), and ho continued restless till 7^ minutes, wdicn ho lay down, his breathing 
being rather hurried, and his tongue still out. In another minuto lie rose, and 
sat apparently iiitently listening, and as there was no particular sound at tlic 
time, 1 thought this probably indicated ringing in his ears. With the exception 
of .some restlessness he Hcemed well till 25 minutes after the injection, when he 
sat down panting and lolling his tongue, as if he had had a smart run, tliough 
he had made no parti<rular exertion to account for this. Soon after he seemed 
quite in his usual, and was none t;he Avor.^e. 

Exr. XII. — Dec. 12. — A mongrel doghatl soiuo blood drawn from one jugular 
for examination, about the 6tli, and on the 9th one of its carotids was exposed, 
and the hfcmadynamomctor applied under chloroform, hut clots formed imme- 
diately, and the experiment was abandoned. On tlie 12th the dug was very 
weak. 

At 2.5' F.M., I began to inject i a grain (from incim)ry) of digitaline in 

water into the subcutaneous cellular tissue in the lumbar 
region. 

2.12' Injection tinished. The dog seemed uneasy and lay down. 

2.10' Till noAV he lias been rising, turiung round, and lying down again 
constantly. lie now scorns imuhhi to stand W'oll— grumbles. 

2.17' 30 Up again, grumbles, shakes his head listlessly about, seems 
uneasy. 

2.18' Seems inclined to vomit. 

2.19' iShakes lus head and licks his foot. 

2.20' Paws his bed. 

2.21' Opens and shuts jaws. 

2.23' »Sits up. The light is shining in liis eyes, and Ids pupils are much 
contraeled. Seems livelier. Shakes his head and paws his bed. 

^ I wa.^ then called away, and returned at 2.35', 

2.36' Dog lying quite still, hut there is a tremor all over and twitcliings 
of the subcutaneous muscle of limbs, causing the movcineub of 
skin to he distinctly visible, but causing no movement of tlie 
limb. Breathing slow' and laboured, Bcspiralions are 8 in 
65 seconds. 

2.43' Pulse 30 per niiimtc, 2 or 3 beats coming cloi'e together during 
inspiration and expiration, and then an interval of 4 seconds 
between the beats, as well as one of exactly tlie same length 
betw'ceu the end of oite expiration and the beginning of 
another. 
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J 

At 2.55' Much tho saiiio-’*-grumbling. 

8. I now l»a(i to go to a class, and did not see the dog again till I 
rotuniod at 5.30'. The dog was then stiff and cold. The 
tuugiie was protruded at the side of the mouth ; the jaws shut ; 
saliva on the chops; some prostatic mucus at the orifice of, the 
urctlira (not examined microscopitrallj). Post-mortem — Lungs 
were of a light pink colour, mucli collapsed. Vena cava 
venous system generall\% full of black blood, and very turgid. 
Kight auricle and ventricle distended with black blood, wlih-li 
was somewhat curdled — not in firm clots. Left side of heart 
nntunil in colour; contained a little blood, aLso somew'hat 
curdled. Liver congested. Gall-blnddor distended. Bladder 
firmly contracted, aiul empty. 

Kxi*. XITI. — Jem, 1(5. — A small Englii^h terrier, very thin, was taken for 
experiment. 

2.29' P.Ai:.— The dog was shivering; the heart sounds normal in character, but 
altered in rliytlim, being very slow between the rigors, but during their continu- 
ance tlie bcatts w ere very rapid. The shiverings lasting each tor about 4 seconds,, 
and the interval about 1 minute. There was no murmur with the cardiac 
soumls. In the hack room in w liich the dog had been kept, there was a bag of 
digitalis leaves on which it liad Iain, and a good many were .seat tonal on the floor, 
so t hat (he dog may have taken some along w'ith its food before, ami this po.ssibly 
may have been tiic cause of the curious rliythni of the heart, and of the 
f<hivering.s. 

2.3f>' i\.M. — T iujcoled J a gniin of digital inc suspended in rather less than 
1 oz. of water into the i^clliilar tissue at the side of the lumbar vertebra. 

2.37' 15, — The dug suddenly started up, and ran to tlio end of his tether. 

2.37' Kb — Sat down oil haujjches. 2.38' 30. — Rose again. 2.39', — Straddle.9 
and whimpers, and jumps about. In attitude of attention; tlien run.s about^ 
and again stands, ajipareiitly listening intently. 

'i. lO' 20. — Whine.s and licks the place where tlio injetdiou wa.s made. On 
being loosed he shook himself, ran off, and sat down. Was restless, and seemed 
thirsty, so I gave him some water. 

2.50'. — lltairt sounds us before. 3.30'. — As before ; no murmur. 

3.50'. — Ah>miting, 4, — Purging. 4.10'. — Vomiting. 4.20b — Again vomitings 
and again at 5.30'. I then left for the night. 

On the following day (the 17t)i) the dog lay curled up on the door for the 
grcatc.st part of the day, but could stand or w^alk. At 5.35' p.m. the dog had 
refused food, so to kill it at once I poured into its mouth some alcoholic ^Intion 
of extract of digitalis, most of which it swallowed. 5.37', — The dog vomited 
.some white mucus, then lay quite quiet. 5 40'. — Again vomiting. 6.44*. — 
Secins^ livelier. 5.45'. — Again vomiting. 5.-t6'.— Purging. 

On tlie 18th, at 10 A.M., tlie dog w'as lying curled up; it ro.se once or twice, 
but with some diflicuUy, and straddled very much when standing. Gait totter- 
ing and unsteady. 10.30'. — Struggles in vain to rise. Progresses along the 
Hour, partly on its side and partly on its belly. Jneffcctual efforts to rise. 
Heart’s action very weak, but seems more regular. Surface cold. Rcsi^irations 
71 per minute. Pupils contracted. The dog lay so, occasionally making slight 
Tftiri efforts to rise for about an hour more, and then till 3.20' p.M.,it lay as if 
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quite dead, only very feeble respiration being peen, and ibe eyelids contracting 
'when the fijpgor touched one of tliemor the cornea. The caruncula laclirymnlis 
covered almost one-fourth of the eye. At 3.20' it was lying as if quite dead; 
the surface quite cold ; the limbs flaccid ; and the pulse inappreciable wlicn it 
gave one or two yawns. At 3.23' it gave a short, wmk, low howl, and imme- 
diat?ly after the cornea was found insensible. Post-mortem was made between 
^e and ten minutes after death. On opening the body, a small quantity of 
urine tricliled from the urethra, probably from pressure on tlio bladder, which 
was quite full. The lungs were of a natural colour. The lieart was well filled 
with blood in both cavities. The venous system turgid. The heart contracted 
readily on irritation. At 4 P.M. the dissection was mterruj)ted. It was resumed 
at 5.7'. T1)0 pericardium, w'hon opened, contained a small quantity of serum, 
about one or two drachms. Tlio heart still showed signs of contractility. At 
4 P.M. the diaphragm contracted readily on irritation of the phrenic nerve ; the 
cesophagus and thoracic duct contracted on pinching tliem. 

Jan. 2G. — One centigram of digitaline w’as injected into the cellular tissue of 
the loins of a rabbit. It produced no apparent efCect. 


SPHYGMOGRAPIIIO TRACINGS. 


Tho following are fac-similes of .sphygniogTapliic tracings of iny 
cwu pulse, taken from Gth December, 1865, to 24tli March, 1866: — 

Eig. 16. 1865— Dec. 6—10.45 i> m. 


Fig. 17. Dec. 8 — ^Right radial— 12.35 midnight. 



Figs. 18 and 19. Dec. 9 — Right radial — 11 p.ir. 



Fig. 20. Dec. 11—10.40 r.M. 


Fig. 21. Dec. 12—10.30 p.m. 



K 
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Fick 22. J>ec. 13. 



Fia. 25. Dec. 16-— 11.10 p.m. Pulse 75. 



Fjg. 26. Dec. 18 — 11 p.m. 



Fig. 27. Dec. 19—11 p.m. 



Figs. 28 akd 29. Dec. 20—10.35 p.m. 



(1) Not tied very tightly; (2) Tied very tightly on the arm* 
Fig. 30. Dec. 21 — 10.50 p.m. 



Fig. 31. Dec. 28—10.40 p.m. 



Fig. 84. 1866— Jan. 1—11 P.M. 




SPHYGMOGRAPHIC OBSERVATIONS. 
FI€^, 85. J an. 2 — ^1,5 at night. 



Fia. 36. Jan. 3—11 p.ar. 




Fio. 38. Jan. 6 — 1.2 at night. 

/NfNiN/NlXjXT' 
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Fig. 39. Jan. 0 — 11 p.xr. 



Fiq. 40. Jan. 10—11 p.m. Had Iiad a little exercise just a few minutes b'^foro 

/MMNJNNiMNr 


Fio. 41. Jan. 11—10.30 p.m. 



Fio. 43. Jan. 12 — 1.10 at night. 

Fra. 43, Jan. 13 — 11 p.jr. 



Fig. 44. Jan. 16—10-11 p.m. 
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Pio. 46. Jan. 17—10.20 p.m. Pulse 82. 



Fio. 47. Jan. 19 — 12.45 nudniglit.. 



Fio. 48. Jan. 20 — 10.20 P.M. Pulse 80. 



Fio. 40, Jan. 22 — 10 r.^i. 



Fio. f)0. Jan. 23-10-11 i» m:. 

fN/XWXWNjX 

Fig. 51. Jan. 24—10.55 p.m. 



Fia. 52. Jan. 25—10.17 p.m. 

Fig. 53. Jan. 26 — 12.18 mulniglit. 

/NiX/NfXTxTNW 

Fig. 54. Jan. 27 — 11.27 v m 

JXWNJMMX. 


Fia. 55. Jan. 29—11.15 p.m. 



Fio. 56. Jon. 31—10.30 p.m. 

rxr\WN\j\ 
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Fio. 67. Fob. 1 — 11.30 P.S£. 
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Fio. 58. Fob. 2 — 1 at niglit. 



Fig. 53. Feb. 3—11.30 

/NfNTxlXWN. 


Fig. go. Feb. 5 — 10.25 P.M. 

/NKJXTxTxr^ 


Fig. 61. Feb. 6 — 10.50 p.m. 



Fig. 63. Feb. 10— about 13 P.ai. 



Fig. 64. Feb. 17—10.50 p.m. 



Fig. 65. Feb. 19—10.30 r.M. 



Fig. 66. Feb. 20 — 11 p.m. 



Feb. 21 — 1 1.30 p.M. Sphygrr.ograpb not so tiglitlj tied i 
JKo. 2 as in ISo. 1. 


Flos. 67 AUD 68. 
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FiO. 69. Feb. 22— llP.M. 



Fio. 70. Feb. 23—1 at niglit. 

r^Njxjxivr-\r^ 


Fio. 71. Feb. 24—11.20 B.M. 



Fia. 72. Feb. 26—11.30 p.m. 



Fio-. 73. Feb. 27—12.30 luidnigbt. 


Fia. 74. Feb. 28 -10.30 p.m. 



Fig. 75. March 1 — 1 at night. 



Fig. 7G. March 2 — 1 at night. 



Fig. 77. March 3—11 p.m. 



Fig. 78. March 5 — 11 p.m. 



Fig. 70. March 6 — 11.26 p.m, 

r-xp-xrxrxTxi^ 
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Fio. 80. MarcB 7 — 11.30 p.m. 



Fig. 81. March 8—11.30 p.M, 


Fig. 82. March 9 — 11.50 p.m. 



FifiS. 83 A^D 84, March 10— 11.15 and 11.30 p.M. No. 1—11.15 P.M. 
H[)li^'gino«»Taph not so tightly tied as in No. 2. 





The 


Fig, 85. March 12—11.45 p.m, 

rxrxwxTM 

Fig. 86. March 13—2.50 at night. 


Fig. 87. March 14—11.15 P.M, 

Fig. 88. March 15 -11.20 r.ii. 

KKKjNJM 

Fig. 89. March 16—6 am . 



Fig. 90, March 16—1 at night. 
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Fio. 01. March 17 — 11 p.m. 

fWXjXKfW^ 

Fia. 92. March 17 — about 11 p.m. 

F no. C3. March 19 — 2.30 at night. 



Fio. 94. March 20—11.2 1 P.sr. 

Fia. 95. March 23 — 12 inidnight« 



Fi&. 96. March 24—10.40 p.h. 

Fig. 97. March 24 — 10.40 p.ir. 

KTxNKM 



ON THE USE OF NITKITE OF AMYL IN 
ANGINA PECTORIS. 


9 ■ 


(Kcprinted from The Lancet for J ulj 27th, 18G7.) 

FfiW things are more distressing to a physician than to stand 
beside a suffering patient who is anxiously looking to him for 
that relief from pain wliicli he feels himself utterly unable to 
atfoid. His symj)athy for the sufferer, and the regret he feels 
for the iiupoteiice of his art, engrave the picture indelibly on 
liis mind, and serve as a constant and urgent stimulus in his 
search after the causes of the pain, and the means by which it 
may be alleviated. 

J^erhaps there is no class of cases in which such occurrences 
as tliis take place so frequently as in some kinds of cardiac 
disease, in wliich angina pectoris forms at once the most proini- 
ijient and the most painful and distressing symptom. This 
painful affection is defined by Dr. Walshe as a paroxysmal 
neurosis, in which the heart is esseiitially concerned, and the 
cases included in this deGiiitioii may be divided into two 
classes. 

Ill tlie first and most typical, there is severe jiairi in the pre- 
cordial region, often shooting up the neck and down the arms, 
accompanied by dyspiicea, and a most distressing sense of im- 
pending dissolution. The occurrence and departure of the 
attack are both equally sudden, and its duration is only a few' 
minutes. 

In the second class, which, from its greater frequency, is 
probably the more important, though the pain and dyspnoea 
may^bBth be very great, the occurrence of the attack is some- 
times gradual, and its departure generally so ; its duration is 
from a few minutes to an hour and a half or more, and the 
sense of impending dissolution is less marked or altogether 
absent. 

Brandy, other, chloroform, ammonia, and other stimulants 
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• 

have hitherto been chiefly relied iqjon for the relief of angina 
pectoris ; but the alleviation which they produce is but slight, 
and the duration of the attack is but little affected by them. 

In now publishing a statement of the results which I have 
obtained in the treatment of angina pectoris by nitrite of amyl, 
I have to observe that the cases in which I employed tMs 
remarkable substance belonged rather to the second than the 
first of the classes above described. 

Nitrite of amyl was discovered by Balard ; and further 
investigated by Guthrie,* who noticed its property of causing 
flushing ill the face, throbbing of the carotids, and acceleration 
of tlie heart's action, and proposed it as a resnscitative in 
drowning, suffocation, and protracted fainting. 

Little attention, however, was paid to it for some years, till 
it was again taken up by Dr. B. W. Eichardson, who found that 
it caused paralj sis of the nerves from the periphery inwards, 
dimiuLshed the contractility of tlie muscles, and caused dilata- 
tion (d the capillaries, as seen in the web of the frog’s foot 

Dr, Arthur Gamgee, in an unpublished series of experiments, 
both with the sphygmograph and luemadynamometer lias found 
that it greatly lessens the arterial tension both in animals and 
man ; and it wf^s these experiments — some of which I w'as 
fortunate enougli to witness — which led me to try it in angina 
pectoris. 

During the past winter there has been in the clinical wards 
one case in which the anginal pain was very severe, lasting 
from an hour to an hour and a half, and recurring every riiglit, 
generally between 2 and 4 a.m.; besides several others in whom 
the^aflection, though i)resent, was less frequent and less severe. 
Digitalis, aconite, and lobelia iuflata were given in the intervals, 
without producing any benefit ; and hiaiidy and other difftfeible 
stimulants during tlie lit produced little or no relief. When 
cliloroform Avas given, so as to produce partial stupefaction, it 
relieved the pain for the time ; but Avlienever the senses again 
became clear, tlie pain Avas as bad as before. Small bleedings, 
of three or four ounces, whether by cupping or A^enesection, 
were, however^ always benctieial ; the pain being completely 

^ Journal of the Chemical Scciei^j 1850. 
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absent for one night after the operation, but generally returning 
on the segond. As I believed the relief produced by the 
bleeding to be due to the diminution it occasioned in the 
artw^rial tension, it occurred to me that a substance which 
posKsesses tlie 2>ower of lessening it in such an eminent degree 
ss^iitrite of amyl would probably produce the same effect, and 
iiiight be rejieated as often as necessary without detriment to 
tlie patient’s health. On application to my friend Dr. Gamgee, 
he kindly furnished me with a supply of pure nitrite, which he 
liiinself had made ; and on proceeding to try it in the wards, 
with tlie sanction of the visiting pliysician, Dr. J. Huglies 
Bennett, my hopes were completely fulfilled. On jiouring from 
live to ten drops of the nitrite on a cloth, and giving it to the 
patient to inliale, the piiysiological action took jdace in from 
thirty to sixty seconds ; and simultaneously with the tlusliing 
of the iace the jiaiii completely disappeared, and generally did 
jiot return till its w'onted time next night. Occasionally it 
, began to return about five minutes after its first disappearance ; 
but on giving a few drops more it again disappeared, and did 
not return. On a few occasions I have found that, while the 
pain disappeared from every oilier jjart of the cliest, it remained 
persistent at a spot about two inches to the inside of the 
right nii)ph^, and the action of the remedy had to be kept up for 
several minutes before this completely subsided. In almost all 
the other cases in wliich I have given it, as well as in those in 
wlii(jh it lias been tried by my friends, the pain has at once 
completely disappeared. In cases of aneurism, where the pain 
was constant, inhalation of the nitrite gave no relief, but w^here 
it was sx:>asmodic, or subject to occasional exacerbations, it 
either comj^letely removed or greatly relieved it. It may be as 
weH ^ note that in those cases in which it failed small bleed- 
ings wore likewise useless. 

From observations during the attack, and from an examina- 
tion of numerous sjihyginograpliic tracings taken while the 
patients were free from pain, while it was coming on, at its 
height, passing off under the influence of amyl, and again com- 
pletely gone, I find that wdicii the attack comes on gradually 
the pulse becomes smaller and th||. arterial tension greater as 
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the pain increases in severity. During the attack the breathing 
is quick, the pulse small and rapid, and the arterial tension 
high, owing, I believe, to contraction of the systemic capillaries. 
As the nitrite is inhaled the pulse becomes slower and fuller, 
the tension diminished, and the breathing less hurried. On 
those occasions when the pain returned after an interval of % 
few minutes, the pulse, tliough showing small tension, remained 
small in volume, and not till the volume as well as tension of 
the pulse became normal did I feel sure that the pain wouhl not 
return. 

As patients who suffer from angina are apt to become 
plethoric, and greater relaxation of the vessels is th(?n required 
before tlie tension is sufficiently lowered, I think it is advisable 
to take away a few ounces of blood every four weeks. 'When 
the remedy is used for a long time, the dose requires to be 
increased before tlie effect is produced. A less quantity is 
sufficient when it is used with a cone of blotting-paper, as 
recommended by Dr. liichardson, than when it is poured on a 
largo cloth. From its power of ];>aralysing both nerves and 
muscles, Dr. liicliardson thinks it may prove useful in tetanus; 
and I beli(5ve that, by relaxing tlie si)asru of the broncliial tubes, 
it might be very beneficial in spasmodic asthma. I have tried 
it in a case of etilkpsy, but the duration of the fit seemed little 
affected by it. It produces relief in some kinds of headache 
and in one of neuralgia of the scalp it relieved the severe 
.shooting pain, tliougli an aching feeling still remained. 

While cholera was present in FMiuburgh during last autumn. 
Dr. Gamgee proposed it as a remedy during the stage of 
collapse, a condition in wdiicli there are good grounds for 
supposing that the small arteries, both systemic and pulmonic, 
are in a state of great contraction. No well-marked case 
wards occurring in the town, Le was deprived of an opp(»rtunifcy 
of putting it to the test ; but it is a medicine w^ell worthy of a 
trial, and, should another epidemic unhappily occur, it may 
prove our most valuable remedy. 



• ACTION OF DIGITALIS ON THE BLOOD- 

VESSELS. 

In conjunction with ADOLPH BERNHAllD MEYER, M.D. 

(Roprintecl from the Journal of Anatomy and Fhyaiolo^y^ vol. vii, 1873.) 

Independently of each other, and in different ways, wo both 
arrived at the conclusion that digitalin causes contraction of the 
small blood-vessels.* Wishing to support our views by still 
inore conclusive proofs, we took advantage of tlic opportunities 
nfforded to us in the physiological laboratory of the Berlin 
University to perform together, in January, 1SG8, some experi- 
ments on the subject. We are perfectly aware of their incora- 
]>l(‘toncss, bub circumstances having ineventeJ ns from continu- 
ing ihcin, and the departure of one of ns for a distant land 
remloring it improlmble that we shall be able to resume them 
toget hci‘, we now publish their results. 

Wo l»olieved that by a comparison of the form of the curves 
iudic-ating the blood-pressure before and after the injection of 
digitaiiii into the circulation, wo should bo able to determine 
c.xacUy wlietlier it caused contraction of the arterioles or not. 
Tlie kymographioM we employed was that of Ludwig, as modi- 
lieil by Tiaube, and tlie experiments were conducted on dogs in 
the following manner. The animal being narcotised by hydro- 
<%l4irate of morphia, a cannula was inserted into the crural 
artery, and a curve (fig. 98) showing the normal blood-pressure 
was described. Bigitalin, suspended in a small quantity of di.s- 
tilled water, was then injected into the carodd artery, and 
pressure-curves again described. Injection into the artery was 

* T. LaMcler Uvunton On DiyUalis : with some Ohservations on the Urines 
liondon, 1868, p. 52 {cide p. 55), and A. Beruliard iVIeyer, Zur Lehre von den 
Jterzyiften in Vfntersuchvingen aus dentpli-r/siuloyisclieH Jahoratorinm der ZUricher 
Mochschnlc herausgegoben von Professor Pick. Wien, 1869, p. 71. 
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employed because Blake* found that digitalin produced a mucl» 
greater effect on the blood-pressure when introduced into ih^' 
circulation in this way than if injected into a vein, A com- 
parison of the tracings thus obtained, after the injection, with 
that of the normal pressure and pulse (fig, 98), showed a show- 



ing of the pulse, accompanied by an increase in the mean blood- 
pressure, while the height of the wave occasioned by each 
cardiac pulsation remained much the same (fig 99). The pres- 



Fia. 90. 


sure contmued to rise gradually although the pulse not 
became slower and slower, but the oscillations of the mercufial 
• Blake, ISd,, Med, Journ, 1839* 
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column at each pulsation diminished in extent (fig. 100). This 
rise could’be due either to the heart propelling a greater quan- 
tity of blood into the aorta at each pulsation, or to the arteries, 
contracting so as to hinder it from escaping from the arterial 
iii|o the venous system. The diminished height of the pulse- 
wave seems sufficient of itself to negative tlie former idea and 
to show that the increased pressure can only be due to con- 
traction of the arterioles, but wo think that a still clearer proof 
is afforded by the form of the wave. The time occupied in the 
ascent of the pressure-wave (indicated by the liorizontal dis- 
tance between the lowest and highest parts of the ascending 
limb) is nearly the same in figs. 98 and 100, but the descending 
limb of the latter sinks very gradually indeed, wliile in the 

m 

100 

90 

eo 

70 

Fio. 100. 

former it falls almost as quickly as it rises. What then is the , 
exi)lariation of this phenomenon ? During the diastole of the 
heart, the sigmoid valves when healthy, as they were in this 
case, completely close the cai-diac end of the aorta. The w hole 
nintpial system may then be compared to an elongated elastic 
v^Sel, from which fluid is issuing by a narrow opening. The 
greater the pressure of fluid in the vessel the more rapidly will 
it escape by the opening, the more quickly will the pressure 
consequently fall, and the more abrupt will be the descent of 
the pressure-curve. Now, the mean blood-pressure in the 
. nbmal tracing is somewhat over 70 millimetres,* and the maxi- 

• The true heights are of course nearly double these, but for ebuTement 
comparison with the tracings wc have taken the numbers as they stand in tho 
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mum height of the wave 44» while in tak§n when the 
action of the digitalin was greatest, the soine-l 

what over 90 millimetres, and the iiiaxiiS^;- 
pressure ought, therefore, to be more abriiptj’^ut ini^^ead of this 
it is more gradual. This alteration caiipofe^ we think/ ex- 
plained by any oscillations of the mercurial column vind%en- 
dently of the blood- pressure, and can only be due to contmction 
of the arterioles retarding the flow of blood from the arterial 
into the venous system during the cardiac diastole. In a recent 
pajjer,* Boehm considers that the rise in blood-pressure pro- 
duced by digitalis, is chiefly duo to the increased action of the 
heart, and that the condition of the arterioles has little or 
nothing to cIo with it. He seems, however, to interpret tracings 
of the blood-pressure in the arteries of mammals in the same 
way as those obtained from the excised heart of the frog, and 
apparently forgets that while in the latter the form of the 
diastolic as well as of the systolic curve depends on the heart 
alone, in the former the heart can have but little or no influence 
on the pressure in the arterial system during the diastole, since 
all commuiiication between them is prevented by the closure of 
the sigmoid valves. The curves which he gives confirm our 
views, for lliey sln^w the same gradual fall in the pulse-wave, 
after the injection of digitalis, that ours do, and being traced 
with Fick’s spring-kyinographion, are free from any fallacies 
due to oscillations of the mercurial column. The continued 
high pressure he observed during prolonged stoppage of the 
heart, wdiicli he attributes to continuous cardiac systole, we 
I W'dhld ascribe to contraction of the vessels so far as it is not due 
changes in the respiration. If the arterioles were not con- 
" tracted the pressure would fall, as, in the experim^gj^ of 
Ludwig and Hafiz.f 

Wii next attempted to ascertain whether the slowing of the 

figures. (These curves oi^y show the ascent of the mercurial column above the 
level in one limb of the U-tube of the manometer, whereas the true height is 
pot by adding to this the descent of the mercury below the level in the other 
limb with a sliglit correction for the weight of the carbonate of soda solution io 
the dpsf'cndiug limb.) 

* vol. V, p, 190, 

t Ludwig’s ArbeiteHf 1870. 
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pulse is due to a ^ject specific influence of the drug on the 
roots o|.|^'P^us,J«;|npposed by one of us ,♦ or to the stiniula- 
Vion o^f^^ roof^i^ the increased pressure of blooil in tlie 
craniwo contraction of the ai terioles, as sup- 
posed order to do tin’s we diminished the 

hlocid^Telsure by t%ddhhaIatiou of nitrite of amyl after it had 
beodtao high and the pulse slow from the injection of digitfdin. 
If the slowing of the pulse were due to a specific action of the 
digitalin on the vagus roots, it ought to continue although the 
pressure falls, but if due to stimulation of tliese roots by the 
high blood-pressure, it should disaj)poar whenever tlie pressure 
is reduced. Our experiments showed that whenever the pres- 
sure fell after the inhalation of the nitrite of amyl the pulse 
became quick. It might thus appear that the slowing is due in 
part at least to the- high pres.sure, and not altogellier to a direct 
influence of the digitalin on the vagus; but this must bo decided 
by farther experiment. 

, Lastly, wo tried to discover whether digitalis causes contrac- 
tion of the, vessels by acting dii-octly on their walls or on the 
vaso-rootor centre. This we sought to do by observing whether 
the injection of digitalin into the circulation caused any altera- 
tion in the ctilihre of the vessels of the rabbit’s ear after the 
sympath('-tic nerve of the same side as well as both vagi had 
Ijcen divided in the neck. Tlic A^agi were divided in order to 
ju’event the digitalin from slowing the heart, and thus disturbing 
the circulation, and the sympathetic to prevent any influcuee 
l)i‘.ing transmitted to the vessels of the ear from the vaso-motor 
centre. The residts of these e.xperiments were not constant, 
:md Ave are unable to draw any definite conclusions from them ; 
Init the fact that the vessels of the ears Avere occasionally seen 
to e?l^iy themselves more quickly after the injection of digitaliu 
than before, seems to us to indicate an action upon the ^alls 
of the vessels themselves. 

The conclusions to which we have arrived are shoilly, 1st, 
that digitalin causes contraction of tlie artoiioles. This is 
proA'ed by the small height of the pulse-Avave, and by its descent 

* Bninlon, Op, cit, (pide antea^ pp. 7i auci 72), 

t Meyer, Op* <nt* 


L 
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: aft^Athe injection, notwithstanding the 

iacjS^aed bh^-pressure, 2nd, that the slowing of the pulse is 
inpl^bi^, due ill part to the increased blood-pressure which 
relplj^&ora. the contraction of the arterioles. We gladly take 
tWti; ^portunity of expressing our obligations to Professor 
KoseUthal for the assistance and advice which he so constantly 
and kindly afforded us, and to Herr Merck, of Dai’mstadt, to 
whose kindness we owe the digitalin we employed. 

[The kyiiiograpliioii employed was of the same kind as the 
one figured on p. 281.] 



ON THE CHEMICAL COMPOSITION OF #HE 
NUCLEI OF BLOOD COBPUSCLES. .>‘ 

A Research carried on in ritoFESsoit Kuiine*s Laboratory, in Amsteb- 
DAM, IN THE WiNTEtt OF 18 ( 58 - 69 . 

(I'cprintod from The Journal of Anatomy and Physiology for NoTember, 1869.) 

Duuing the course of last summer (l.S6<S) Professor Kiihno dis- 
covered that tlie chief constituent of the nuclei of blood corpuscles 
agreed in its reactions Avith mucin rather than librin or albumen; 
It had previously been found by Iloppe-Seyler,* associated in 
the nuclei with a small amount of parnglobulin, and, previous to 
Professor Kuline’s discovery, had been supposed to bo an albu- 
minous substance, resembling fibrin. I was informed by, Pro- 
• lessor ICLlline, while v/orlcing in his laboratory in Amsterdam, 
of tlie obsinn^ations he had already made, and having repeated 
them, I publish the result with his permission. The observa- 
tions are not complete, but I give tliem now, as I am unable to 
prosecute them further at present. 

The nuclei of the blood corpuscles of eels and frogs yield a 
substance similar to that obtained from the blood of fowls ; 
but as the latter could be much more readily obtained in con- 
siderable quantity, it alone was used in studying the reactions 
in detail, 

To obtain the nuclei, the defibrinated blood, mixed with ten 
or. twelve times its volume of XaCl solution of 3 per cent., is 
flitted through linen, and the corpuscles allowed to subside in 
a flar^ray. Tlie supernatant fluid is then removed by a sypljpn, 
and the corpuscles, thus freed from serum, are either washed 
repeatedly with much water in the same manner, or after being 
allowed to settle in the salt solution for at least twenty-four 
hours, when they form a kind of film, are scrajxBl together, ^hd 
washed on a linen filter. In the former case, the nuclei or 

• Kiilmc, Lclirhueh der Physiologisclt^in Chemiem 

L 2 
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rather zooids of riie blood corpuscles are obtained as a M'hite 
powder, which sinks very slowly in water; in the ktter, as a . 
mass j*esoinblii)g fibrin in appearance. Microscopic exaniina-* 
lion shows tliis powder to consist of the nuclei in the form of 
small round bodies containing several dark granules, sun'ormded 
by a ring of transparent colourless substance, apparently a 
i-emnant of stroma, whose breadth is about equal to the diameter 
of the nucleus, and whose edge is so delicate as to be scarcely 
pciccptible. On the addition of aniline red or blue, dissolved 


in dilute alcohol, tlie nucleus becomes deeply coloured, the 
stroma slightly so, and its edges much more distinct. Weakly 
alkaline solutions of carmine and solutions of iodine also colour 


the nucleus deeply, hut the stroma Yiny slightly, or not at all. 
The nucleus is generally in the middle, but, occasionally, is more 
or less eccentric, and sometimes sticks quite close to one side of 
the surrounding substance. This last may possibly l)e its con- 
stant situation, and its central one only apparent, and it may 
thus correspond to tlio point in luammaliaii blood corpuscles, o 
which was found by Koberts* and Itindfleischt to become 
deeply coloured by magenta. If the powder ho then shaken 
with ether and water it forms a layer between the two; and 
when this is microscopically examined, the nuclei alone are seen, 
the stroma forineily surrounding them being no longer percep- 
tible even after the addition of aniline. The nuclei may be got 
at once by treating the corpuscles ' with ether, separating tlie 
nuclear layer by a stoppered I'uiinel, and then washing in water. 
Alkalis^ cause the nuclei to swell, to run together in clumps, 
‘Become indistinct, and llnally disappear. Dilute mineral acids 
or acetic acid cause them to shrink and become more sliarply 
defined. A small, strongly refracting point, resembling a 
nucleolus, and seeming to take up the colouring mattef^moro 
strongly than the rest, also becomes visible ; but this appear- 
{^nce may be due to a change of shape in the nucleus, occasioned 
by the acid. Concentrated mineral acids cause them to shrink 
iniieh, to run together, become indistinct and disappear. The 
stroma surrounding the nuclei swells and shrinks somewhat. 


* Proceedin^^ of Jlotfal Society, 1803. 
f 'Experimental Stadien uber die JliisMogie de$ Elutes, 
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but riot so markedly as the iniclei. If fcrrocyanidc of potassiuiu 
I be added Jo tlie nuclei shrivelled by acetic acid they swell up 
and become so indistinct as to be hardly visible. A solution of 
taiiroeholate or } 2 :lycocholatc of soda dissolves both nuclei and 
sti’ouia.. A little concentrated NaCl solution also causes tbe 
nuclei to disa])[)ear. AVhen the corpuscles are washed ojx a 
linen lilter, a tibrinousdooldng mass is obtained, which, on 
microscopic examination, is seen to consist of shreds of fibrous 
membrane, or of bundles of fibres, studded witli darker spots, 
and avi“ai\i;ed in a manner resembling those of fibrin, though 
more legiilar and with less intercrossing. These spots seem to 
be the nuclei, but their outline is not so distinct, nor do they 
take the deep tint with aniline which they do in the powdery 
condition, the fibres becoming quite as deeply tinted as they. 

The zooids are insoluble in water, and wlicn suspended in 
it sink very slowly, but do so much more quickly after the 
addition of alcohol, concentrated acetic or oxalic acid, or dilute 
' mineral acids. The mixture willi water is quite mobile, and 
does not foam when shaken ; but does so after the addition of a 
little KaCl solution, becoming at the same time somewhat tena- 
cious and nuicli clearer, tlie nuclei being partly dissolved and 
partly suspended. A concentrated mixture with NaCl solution 
gives a wliite flocky precipitate when much diluted. Salt solu- 
tions, of even or.c-fourth per cent., dissolve them to a consider- 
able extent. The solubility in NaCl solution varies much, 
diminishing when the zooids stay long in water, but more 
slowly when the temperature is low. The same is the case 
with mucin obtained from tendons. 

When many zooids arc suspended in water, one drop of con- 
Cf5|^ited solution of potash or soda is sometimes suflicieiit to 
convert 40 cubic centimetres of the mixture from a milky 
mobile liquid to a clear gelatinous mass, resembling albuminale 
of potash ill appearance, tliough not quite so firm. When this is 
thrown on a filter, the filtrate gives no precipitate with acetic 
acid. When more potash is added, a tenacious ropy Huid is 
pruJuced, wliich filters very slowly ; the filtrate is mobile, and 
though generally more or less alkaline, is sometimes neutral. 

Alkaline carbonates dissolve them, but nmeh more slowly, 
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lior do they form a jelly like the caustic alkalis; sometimes^ 
however, tliey cause tlie zooids. to stick together and fchni flocks, ^ 
^Yllich, risiug to the top, form a sticky mass. Lime and baryta 
water leave them apparently inichanged, and, after standing* on 
them some time, give no precipitate witli acetic acid, but an 
immediate turbidity if ferrocyanide of potnssium l)e then addSd. 
Concentrated mineral acids dissolve tlie zooids, and give a pre- 
cipitate on the addition of alkalis or mucli water. 

Dilute mineral acids, such as IlCl of 10 per cent., cause the 
mixture with water to foam on shaking, but wlien the filtered 
fluid is made alkaline by potash it gives no precipitate with 
acetic acid, but a turbidity when ferroeyanidc of potassium is 
then added. The filtered solutions of the zooids in alkalis give 
the reactions of albumin, but the precipitate by acetic acid is 
generally insoluble in excess. Sometimes, liowever, not only 
the mucin from nuclei, but that from glands and tendons, 
appears quite soluble in large excess of glacial acetic acid. If 
the zooids be treated with IICI of one-tentli per cent., or acetic 
acid or NaCl solution of 10 per cent., and the filu?.red solution be 
precil)itated by acetic acid and again filtered, the clear fluid in 
each case gives the reactions of albumin. IICI solution is 
precipitated on neutralization, and the precipilate is insoluble 
^ solutions of 10 per cent. 

albuminous body thus belongs to that class which 

€ eludes, according to Hoppe-Seyler, fibrinogen, fibrinoplastic 
bstance and myosin. 

^ That the zooids contain fibrinoplastic substance or para- 
globulin, as stated by Hoppe-Seyler, is shown by the distinct 
fibrinoplastic action wdiich they exert wdien well washed. Some- 
times they possess none at all ; and tins is probably due 
removal of the suhstance in tlie w^ashhig, the salt solution with 
Avhich the corpuscles w^ere washed not having been sufficiently 
carefully removed, and rendering the first water a dilute salt 
solution. Tin’s dissolves a certain amount both of albuminous 
substance and of mucin, becomes milky after standing or pass- 
ing CQj through it, and possesses a slight fibrinoplastic eflect. 
The fibrinoplastic effect was tried in all cases with a mixture of 
horse plasma and sulphate of magnesia. 
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From the way in which fibres are formed when the zooids are 
washed oh a linen filter, it seems probable that fibrinogenic 
substance may also be present ; but whether this be the same as 
inxfcin, or Avhat the relation between mucin and the generators 
of fibrin or myosin, if any such relation exists, is still to be 
investigated. 

When the precipitate from solutions in alkahs or NaCl by 
acetic acid is washed with acetic acid, then with dilute alcohol, 
and afterwards dissolved in a small quantity of potash and 
filtered, the filtrate is generally alkaline, but sometimes neutral 
It is unchanged by boiling, gives with mineral acids a precipitate 
soluble in excess, and with acetic acid a precipitate insoluble in 
excess. On exceptional occasions, I have seen it, as well as 
mucin from tendons dissolved by excess of glacial acetic acid, 
give with acetic acid and ferrocjmuide of potassium no turbid- 
ity, the ferrocyanide of potassium causing any turbidity from 
the acetic acid to become less and disappear ; but after standing 
a considerable time a precipitate forms. Chloride of mercury 
causes no jjrecipitate ; with tannin, acetate of lead, or dilute 
suit (hate of copjier or chloride of iron it gives a precipitate. 
Added to potash and sulphate of copper it prevents the pre- 
cipitation of the hydrated oxide of copper, but the solution 
remains blue even after boiling. 

Nuclei, freed from stroma by ether and water and then dis- 
solved in potash, give the same reactions. These reactioi^ 
difier from those of mucin as given by Eichwald (Kuhne, Lehi^ ' 
htch der Fhysiolo(jisc1icn Chemie), inasmuch as tannin, sul- 
phate of copper and chloride of iron give a slight preeijutate or 
turbidity, but on treating nuclei and mucin from glands and 
t^idons in the same way they give the same reactions. When 
a mivary gland is treated by potash, and the solution precipi- 
tated by acetic acid, the precipitate is sticky, and seems to differ 
much from that given by acetic acid in solutions of nuclei in 
potasli, which is floeky, and gathers on a linen filter into a mass 
looking like boiled fibrin ; but if the strongly acid. and sticky 
precipitate from the gland be allowed to stand some time in 
water, it becomes exactly like that obtained from the nuclei 

The zooids and their solution in NaCl act briskly on peroxide 
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of Ijyclrogen ; t!ie nuclei, after treatment by ether and water, do 
so also but less vigorously. j 

AVlieii boiled witli dilute sulphuric acid they gave no trace of 
: sugar. 

I have never succeeded in obtainiug them free from sulphur 
even after repeatedly dissolving in potash, and i)recipitating and 
wasljiug l)y acetic acid ; but the more canifully they were 
cleaned the less sulphur was found ; and Prol'essor Kuhne on 
one occasion obtained no trace of sulphur after burning with 
nitrate of ])otasli and adding chloride of barium. This trace of 
sulphur may possibly depend on a little albumen carried down 
with the mucin ; more especially as one sees that if the luemo- 
globin be not entirely removed by washing before dissolving in 
I)otash and precipitating by acetic acid, Ineniatin is constantly 
caiTicd dow’n with the precipitate, and cannot again be sepa- 
rated. 

AVljen cbicken blood is treated by NaCl solution of 10 per 
cent., as in Professor lleynsius' experiments lately publislied, 
the nuclei are dissolved and form a largo portion of tlio 
fibrinous-looking substance he describes. 

‘Wlietber mucin exists in mammalian blood or not I cannot 
certainly say, thougli the substance got by treating dogs’ blood 
with salt solution of 10 per cent., and then wmhing the slimy 
mass, seemed, after solution in potash, to give a preciijitate with 
■^;^cetic acid insoluble in excess. The quantity obtained pure was, 
Blipwever, so small that I was unable to try any otlier reaction. 

Sliortly, then, the substance of tlie nuclei, both with aiid 
without the stroma, agrees with mucin, and differs from 
albuntin in its insolubility in HCl of 0*1 to 1 per cent., in its 
alkaline solutions being precipitated by nitric, IiydrocMoj^c 
or sulplniric acid, and the precipitate dissolved witliout mffi- 
culty by excess ; in being precipitated by acetic acid, and the 
pr^ipitate insoluble in excess, ferrocyanide of potassium 
causing no further turbidity, but clearing up any formed by the 
acetic acid ; in neutral solutions being niichanged by boiling, 
and giving no precipitate wdth chloride of mercury, and when 
boiled with caustic potash and sulphate of copf>er remaining 
clear blue. It agrees with albumin and with mucin as I found 
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it (though diflering from it, as described by Eicbvvald) in giving 
a turbidity or slight precipitate with tannin, cliloride of iron 
^ and sulphate of coi)per. It differs from mucin in being in- 
soluble in lime or baryta water, or in IICl of 10 per cent. Its 
most remarkable reaction is the cliange it undergoes by the 
adtSition of a very small quantity of caustic potash to the water 
in which it is suspemled. It is then much more closely allied 
to inuein than to albumin. From the sohi]>ility ami reactions 
of nmcin being somewhat variable it is not iini)robable that, 
like albumin, it may occur in several forms, of wliicli this 
maybe one; but its composition and reliit ions must be deter* 
mined by analyses, which I hope at a future period to be able to 
make. 



Offbntlictie Gesammtsitzuno am 12 December, 
1869, ZUR FEIEU DES GeBURTSTAGES SeINER 
MaJESTAT DES Konigs. 

Dr. T, Lauder Brunton, XJeher die W'irJcnng des saJpidriff-ffc/tiren- Amj^loxpd^ 
attfden Jilvfsfrom. Aus dem plivsiolcgisclieri Institute zu Loijjzig. VorgelogI 
Ton dem wirklichen Mitgliedc Prof. C. Ludwig. (Mit. G Holzseliiiittcn.) 

(Aus den Jierichien der Malhem.-Phys. Classe der Konlgl.-Sih-hs. OtseUnehaft 
der Wissenschaften^ ISGlt, s. 2S5, mul Ludwii/s Arheiten -Uer Jalirgang fUr 
18G9, s. 101.) 

Axjf <las salpetrigsiure Aniyloxyd hat Guthrie zueryt die 
Aufmerksamkeit der Aerzte uiid riiysiologen gelcnkt ; bei eiiier 
cheiBisclien Unlersucliung dieses voii Balard entdocktoii Stofles 
bemerkto er, dass sich iiach Einathniimg seiner Diinipfe das 
Gesicht leblnift vdtbe, dass die Carotiden heftiger klojifen mid 
dass dor Herzschlag besG^hloimigt wcrdc. Einigo Jahre nach- 
her behanptete JUehanhuv, dass das salpetrigsaure Amyloxyd 
die Ncrveri von der rcripherie nach dem Centrum liiii lahme, 
die Conti’actilitat der Lluskelu vermindere und Erweiterungen 
der Blutcapillaren in dor Schwinmihaiit des Frosolifiisses lier- 
beifillire. Diese Mitthciliing gab Professor Arthur Cfam(/ee Ver- 
anlassung neue Versuche zii unteruehmen. Aus seinen noch 
nicht verdffentlichten lieobachtiingen war der ebeii geuannte 
Gelehrto so freundlicli mir das Eolgendc mitzutheilen : Ein 
Efnfluss auf die Lebeiiseigenscliafteu der motorisclien und seii- 
siblen Nerven ist nicht zu fiiithm, ebenso wenig gelang es, eine 
Erweiterung der (5efusse in der Scliwimmhaut zu sehen. Athin^t 
der Mensch die Dainpfe der Verbindiing ein, so rdthet sidlTdas 
Gesicht, und die Pulsciirve dor art radialis, welche der Sphyg- 
mograph aufzeichnet, nirnmt eine eigen tluhnliche .Form an ; die 
bedeutendste Abw^eichung voii di'.r iionnalcn Gestalt bietet der 
absteigende Curvenschcnkel, insoferii er statt des allmaligen 
einen sehr plotzlichen A]»faU zeigt. Wird in die Carotis des 
Kaninchens ein Manometer eingesetzt und werden darauf die 
Dampfe des salpetrigsauren Amyloxyds durch die Nase einge- 
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fl’ihrt, SO mindert sich die Ilaufigkeit des Herzschlags uud der 
mittlere Biutdruck niiniiifc ab, 

Auf*Grund cliesor Ijeobaclituiigen babe ich selbst das sal- 
j)etfigsaure Amyloxyd zuerst mit Krfolg hei Kraiiken aiigeweii- 
det, die an gowissen Formon von Anyina jmtoris litten.* Hk*i 
dift’cli fiir das neue Anieiinittel iuteressirt, ergrirf ich wahrend 
laeines Aufenthalts in Leipzig die GelogcnlKdfc uiii in deni phy- 
siologischeii Institute dieser Stadt einigo Vevsuche daillber 
anzustellen, wie die Erscbciniingcn zu oikliiren scion, die man 
inittelst desselbeii iin lUufcstroiii erzengt ha tie. 

Als Vorsuchstliiere dienten Kaninohen. Im Anschluss an 
den bisherig(3U Gebrauch verleibte ich iliiicii die Dainpfo des 
Amylpriiparates cin, wclchc durch die kiinstliche Uespiiution 
in die Luiigcii geblasen wurdcn. Zu dem Eiid(3 sclialtcte icli iu 
das Verbinduiig$3*ohr zwiscben dem Blnsobalg uiid dor Trachi*u 
eine Nebenschliessn ng ein ; mit andern W orten der an der Trachea 
und dem Blasebalg cinfaclic Liiftkanal war aiif cinein besclirilnk- 
ten Abschnitt in zwei Zweige zerlegt. In jedem der beide.n 
Zweige sass ein llalm, durch welchen die Lichtungen eines jeden 
RdlirenschenkeLs nach Belieben vers(3hlosseu werdcu koniitem 
Das Hau[)lrolir ging uiunittelbar aus dem Blasebalg iu die Liifl- 
rolire, in dem Is'ebeuzweigwar dagegcu eiuo kleiiie Spritzllfisclie 
eing(3sotzt, deren Bodeii mit salpetrigsaurem Amyloxyd liedeckt 
war. Je nach der Stelhing der ILihiio konnte man also der 
Lunge die atmospliarisclie Luft rein oder im Gemeiige mit den 
Diimpfen der Amylverbiiidung ziifuhrcn. Die elieii gescliil- 
derle Einricliturig zog ich der unmittelbarcu Anwendnng der 
Ikimpfe anf die N’ase da rum vor, weil es mir darauf ankam, die 
AViikung dersedbeu auf den Herzschlag festzustellen. Das Herz 
cks Kaniiicliens, bezieliungsweise die betrenenden Akignsiisto 
deswlbeu sind bfikannllich ungemein empiiiidlich gegeii jede 
Aenderung in dem 0-Gchalt des Arterienblutes; jede merk- 
liclie Abmindening des letztern hat soglcich eine Abnahme der 
i>clilagzahl zur Folgc. Nun ereignet es sich aber gewdlitilich^ 
dass (lie Kaninclicn die Athembewegungen einstellen, wenn so 
^itaik riechende Diimpfe wie die des salpetrigsauren Amyloxy- 
des vor ihre Nase gehalten werden und dass sie erst mit der 

• The Lancet for July 27, 1SC7- 
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begiimenden Atlieninoth die Bewegungen wieder ausfuliren 
Daniit aber ist auch schon eine Vagusreizung ganz iiuabhiingig 
von den zngcf iilirten Diiiupfen eingeleitet, Ziir Anweudimg der 
kuustlieheu liespiration griff icli diesiual um so lieber, well ‘der 
Blasebalg, welcher niir bier zu Gebote stand, durch eine sehr 
Tegeliniiasig arbeitende Maschine getriebcn ward, somit konrfte 
ich sicher sein vor Stbrungen, welche dutch ein ungleiclifbr- 
iniges Atlnnen eingefiihrt warden. — Das Manometer, mit wel- 
chetn ich den Drnck mass, wurde in die Carotis eingesetzt. 

Mifc diesen HUlEsmitteln sah ich zniuichsfc, dass der Blut- 
drnck, unmittelbar nachdem die Diiinpfe des Ainyloxyds einge- 
blasen waren, rasch absank, ohue dass sich die Zahl der Herz- 
schl.'ige merklich gemindert oder gomehrt liiifcte. Mit dem 
Absinken dos Drucks stcllten sich ziigleich Kriimpfe in alien 
Muskcln des liumpfs imd der Gliedmaassen ein, wodurch die von 
der Amylverbindnng eingelciteten Aendcrungon des Blutstroms 
getriibt wurden. Denn mit dem Eintritt der Kriimpfe hob sich 
der Blutdrnck wieder iiiul es wurden zugloicli an der anfge- 
schriebenen Druckcurve die Herzchliige gar iiieht oder unge- 
nau zfihlbar. Um die Kriimpfe und dainit, wio ich glaubte, 
auch die Stbrungen zu vermeiden, wclche sich dem reinen Uer- 
vortreien der Amylwirkurig entgegensetzen, griff ich zur Ver- 
giftung mit Curare. Hiernach schwanden allerdings die Kriimpfe; 
aber es trat ein neues stbrendes Element ein, was, wie ich ver- 
muthe, in dem Iteizungszustande gelegon ist, in den die Gefiiss- 
imuskeln dutch das Curare verfallen. 

Allerdings sank auch am curarisirten Thiere der Dmck 
al^ald naclidem das Einblasen der tiiichtigen Amylverbindung 
seinen Anfang genommen hatte, und der Drnck erreiehte seine 
nrspriingliche Hblie nicht wieder, wiihrend mit der Zufuhrurjg 
des Dampfes fortgefahren wurde : aber das Siuketi W’ar Sein 
stetiges, sodass schliesslich der Druck dauernd auf einem be- 
stinimten Minimalwerth angelangt ware. Im Gegentheil die 
Quecksilbersiiule hob sich und senkte sich und dieses zwar 
etwa so, wie es L. Traube an der Druckcurve des curarisirten 
Thieres gesehn hat.* 

Diese Schwankungon sind jedenfalls der Ausdruck zweier 
• L, Truubv*, Centra lUaf if Ur die med, TVinstnachaften^ 1865. 
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ini entgegengesetzteti Sinno wirksamer Einfliisse. Dieselben 
kiiiintou gefimden warden einerseits in dfer 7\nwesenheib dor 
luvzersetzteu Molekiilo des salpotrigsauren Amyloxyds und 
auderseits in deri aus dem letztern enstandenen Uinsctzungs- 
producten, sodass Alles auE die danernde Anwesenlieit der 
Auiylverbindung zu beziehen ware, abor nach den vielfaeh 
beatatigten Erfahrungen von L. Travhc konnte auch das Curare, 
also eine der Amylverbinduug fremdeWirkung.fiir die Ursache 
<ler Druekvariation gehalten werden. 

In Ermangolung einer anderii nnvcrfanglicherCn Methode, 
■diircli welclio auch am nnvergifteten Thiere die Wirknng des 
V iihvcud einer liingern Zeit eingcflbssten Amyldampfes sichtbar 
zu inachen ware, muss icli niich darauf bescliranken, die Folgen 
seiner sehr vorubei'gohcndcn Einwii'kung vorzulegen. Zu diesem 
Elide, namentlich abor uin dem Umfang und den zeitlichen 
Aldauf der Druckerniedi igiing zu versiunlichen, theile ich die 
in Eigur 101 dargcstellteii Curvcn mit, wcdche durch die ihnen 
beigegebeno Erkliirung verstiindlicli aoin werden. Boirn Begiun 
Jeder<!der drci bintcreinander ausgel'iibrfceu Beobacbtungen, a, 
b, c fiingtdas Einblasen an ; schon 10 Seciinden nacdi demselben 
ist der Blutdruck sehr tief herabgcgangcn. Tialen Kriimpfe 
ein, wie dieses in dor Curve a und b dor Fall ist, welelie vorder 
Curarevergil'tung von dem Thiere gowonnen wurden, so stieg 
der Druck wieder an, trotzdem da.ss das liijiblasen noch fort- 
gesetzt wurde. Wenn abor mit dem Einblasen 20 Secuuden 
naeli Beginn desselbeii aufgeliort wurde, so .stieg der Druck 
raseh wieder empor, sodass er in hiichstens einer Minute s(nnen 
iriiheren Werth wieder erreicht hatte. Diesc .Er.sclieinungsreihe 
habo ich so oft bestiitigt gefuinlen, als ich die Beobachtuug 
aiisteilte. Sie weist darauf bin, dass scdion minimale Mengen 
unsres Stofles von der grosaten Wirkung sind ; und sie i^ei^t 
ausserdem, dass das in das Blut gekommoiie Gift sehr bald 
wieder unwirksam gemacht wird, entwoder vreil dasselbe inner- 
halb des Korpers zerstort wird odor weil es aus demselben 
verdunstet. 

Die Erniedrigung dos Blutdnicks kann nun hcrruhren ent- 
wedei von einer Verrainderung der llerzkriifte oder von einer 
solchen der Widerataude. Fur die zweite dieser Untersteilun- 
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gea sprichfc die botnichtliche Erweiterung der peviplierisclien 
Oofa8sbez*J£e, wie man sie nicht allein am Ohr des Kaninclicns, 
sonderp auch in auffallemister Weise an der incnschliclicn Oe- 
siclitaljuat sieht, nainentlich wenn ein Individuum mit selir 
i-eizbareui, leicht errothcndera nnd erblasseudem Gesici)t einige 
mil dem Dampf geseliwangerte Athemziigo ausfiibrte. Iiurner- 
hin erschien es mir nocb notliwendig die Erage durch oiiien 
Vei-sucb zu entsclieiden, nm so mehr, als ich dabei auch zu 
erfahren ■wunschfce, ob <lie eintretendo Gelasserwoitcrung ab- 
hiingig sei von eiiier unmittelbaren Aendcrung der Gefasswand 
Oder von einer solchen, die herbeigefiihrt ist durch die Ab- 
sclmachung des Tonus, den die Gefassnerveu iui verltingerten 
Marke empfangen. 

Uiu verstiindlich zu machen wesslialb sich mir diese Frage- 
stellung aufdriingte, will ieh hier in der Kiirze einige Resulfcato 
einer andorn Versuchsreihe einschalten, die ich ebenfalls in 
Leipzig begonnen aber leider noch nicht vullemhit habe. 

Dureli die bomerkensworthen Beobachtungen von M. Schiff, 
welelic eine allseitige Bestiitigung erfahren halxm, ist bs bc- 
Icaiint, dass der Durehmcsser der Artcrien des Kaninchenohres 
schr haufig in Schwankungeu begriffen ist. Ich habe nun ge- 
fuuden, dass diese Erscheinung dem Ohr der Kaniuchen keines- 
wegs allein eigenthumlich ist, soudern dass man sie in gleich 
ausgesprochener Weise auch an alien andcirn froigelegten Ar- 
teriouzweigeu der Ilaut und des Bindegewcbes beobachten 
kann. Diese Schwaakvxngen des Durclimessers zeigeu ander- 
warts grade so wie am Ivaninchenohr grosso Unrcgeluiiissig- 
keiten, indem sie an demselben Ort bei dem eineu Tliiere dcut- 
lieher und haufiger auftreten als bei einem andern und als sic 
zu verschiedeneu Zeiten bei demselben Thior felilen und vor- 
handen sein kbnnen. 

Diese Veriinderungen des Arteriendurchraessers siiul min- 
dostens zum Theil vollkommen unabhangig von deu' Erregun- 
gen, welelieu dio Gefassnerveu im Him ausgesetzt sind ; denn 
sie bestehen an den Arterien des Ohrs und an dciien der iibri- 
gen Korpertheile unveriindert fort, wenn man auch sainmtliche 
Nerven, sympathische und cerehro-spinale dni'chschnitien hat, 
zu beobachtenden Ortc sich verbreiten, ja sie ver- 
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sch^yi^tlen niclit nach der Durcliscbneidung des Halsinarkes 
trotz des sehr niedrigen Blutdrnckes, der danii nijeh iibrig 
bleibt Die l)e8chriebene» Bewegimgen dor grossen un(l klei- 
nen Arterien trelen, ■vvie erwiihnt, nicht bei jcdem Tliiorc ynd 
nicht zu jeder Zdt gleich deutlich ein. Felilen dieselben, bo 
kann man sie in der Hegel bervorrufen, entweder diircb Vergif- 
tungmit Curare odor durcb Unterbrechuiig der Atbrnung. Sind 
dieselben einmal geweckt, so pflegen sie sich aueb dann nocb 
fortzuerbalten, wenn selbst nachtraglicli die Athinuug anf das 
Soi^fiiltigste gorogelt wird. Da durcb die Untcrsucbungen von 
Z. Trmibe, Thiry uud Koimhicslcy* bekannt ist, dass in Folge 
der Curarevergiftung und der gestiirfcen Athmung der Blutdruck 
in den Arterien orster Ordnung sehr grosse Variationen erfahrt, 
so muss der Gcdanke erwacben, cs seien dicse letztern Scbuld 
an den Vcranderungen der Diircbniesser der kleinsten Arterien. 
Diese an und fur sicli annehmbare Erkliirung erweist sich aber 
als unbaltbar wegen des Ganges, den die Vcrongerungen und 
Erweiterungen in den kleinen Arterien darbieten. Sehr liiinfig 
stellt sich niimlicb plbtzlicb im Verlauf eiiier kleinen Aikoiie 
mitten zwischen zwei mit Blut evfullten Stiickcn cine Ein- 
scbnurung ein, sodass ein Verhalten zuin Vorschein koramt, 
wie man es scbon seit langer Zeifc am ausgescbnittenen Dunn- 
darm kennt. — In den Bezirken, deren Nerven siimmtlicli 
durchscbnitten sind, erhalten sich die Arterienwande auch nocb 
in einer andern Bezieliung dem ausgeschnittcnen Darme ahn- 
licb. Jede leiseste BeriLhning einer beschrunkten Stelle ruft 
eine Bewegung bervor, die sich meist auf den getroffenen Ort 
besebi-iinkt. Diese durcb den unmittelbaren Einfluss erzeugte 
Veranderung bcsteht jodoch, so wcit ich gesehen, nicht vor- 
wiegend in einer Yerengerung der Lichtung wie beim Darm, 
sondern vorzugsweise in einer Erweiterung derselben, welcbe 
sehr lange als eine partielle Ausbucbtung bcstehen bleibt und 
die sich uur allmalilig ausgleicht. Da scbon Gunnmg und 
Cohnheim Aeliulicbes an der Schwimmhaut und der Zungo des 
Froscbes beobacbtet baben und da Sadler auch an den Ge- 
fjissen der Skeletmuskeln der Hunde auf Tliatsachen gestossen 
ist, die sich uur durcb Eigcnbewegung der Gefiisswand e?klaren 
* CcntraJhlalt f ar die med, Wissenscheft, 1668 ,^ 6 ? 9 * 
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lassen, SO die solbststiindigo Veniiiderung dieser letztern 

ein weit veri:)roitetes xmd daruin wichtiges Ereigiiiss zu sein. 

v *■ M 


UiireTiL'tzt. Riiclioninark am Epistroplieus zerquetscht. 

X Das Eiiiblasen bcendet. 
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Weini ich nun zu den Versiichen luit salpetrigsaurem Amyl- 
oxyd ziirilckkehre, so wird es einleucliten, waruinn ich den 



f )arnpf der genainiteii A^erhindung anch solclien Thieron 
einblies, deren liiickeniiiaik vorgangig durehsclinittcn worden 
war. 

Moiiie Vermuthung, <lass an den Thieren, die dieser Ope- 
ration unterworfen worden wareii, die Druckmindening in 
Folge der Ainyhvirkung nicht ausldeiben werde, hat sich voll- 
^Jcominen bestatigt. AIs Beispiele fiir den Befund mogen die in 
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Fi<^ 102 iiTifl 103 wiedergogebenon Beobaclitungen an zwei ver- 
schietlenen Kanirichen cliencn. 

Jedgin der beiclon Thiero Avnrden vor der Durclisclnieidnng 
des* Halsmarks die Diinipfe des Balpetrigsauren Ainyloxyds 
eingoblasen. In diesem Stadium des Versucbs trat das schon 
bokannte Resnltat zu Tage. Naeh der Durclisohiieidung des 
Halsmarks, welche unmittelbar unter dem Atlas gcscliah, sank 
bei dem Thier II der Dnick ungewdhnlich tief horab; als er 
constant gewmden war, bewirktc das Einldasen der Diimpfc ciii 
nones Sinken des Blutdniekes, das also an f die Hcc.linung des 
salpetrigsauren Aniyloxyds zii setzen war. Der Worth des 
Al)i'alls war naeh absolutem Maasse gojiiessen allerdings ein 
geringor; nach relativoin Maasse war dagogon die Aendening 
noch eiiio sohr l)edeiiteiide. Die J^rsclieiiuingen des Siiikens 
eincs schon an und fiir sich nicdern Druckes siiid bier denen 
analog, welche man zu sehen ptlegt wenn der zweito n, splanch’ 
nicus noch diirehschnitten ward, iiaclidoni vorher schon der 
, erste durclitrennt war. 

Als das Einblasen ansgesetzt wiirde erhob sich der Blut- 
druck nicht alsbald wieder auf seine fruhero Ildhe, soudern er 
sank vorei'st noch tieier um sich dann erst ganz allmahlig zu 
erliolon. Dicser Erfolg kann zwed Erklarnngen linden. Ans 
andeni Versiichen, die im hicsigen Laboratorimn luiternominen 
wiu’den, ist inir bekannt, dass die Geschwindigkeit des Blut- 
strorns sehr stark Iieruntergeht, wenn das llalstnark durch- 
schnitten ist. Da die Zufuhrung und die naehfolgenile Entfcr- 
niing dor Ainylverbindimg in Abhangigkeit von der Strom* 
geschwindigkeit des Blutes stehcri muss, so w/ire der larigsanie 
Ablauf der Druckschwankung vielleicht liieraus zu erlautern. 
Moglicti ist aber noch ein andcrer Grund. Bei dem vorliegen- 
deii Thiere sank ruimlich die Pulszahl in der Zeiteinheit voii 9 
auf 4 herab. Dieses Herabgehn, welches wolil die Edge des 
sehr verminderten Druckes gewesen ist, kann eheufalls an der 
langsameu Erholung Schuld sein. — Eino VViederholung der 
Einathmung bei dem Thier ergab dasselbe Eesultat. 

Bei dem zweiton Kaninchen (E"ig. 103) erniedrigte sich nach 
DuTchschneidung des Halsmarks der Druck nicht so bodeutenrd 
ds im vorhergelionden Fall. Auch bei ihni sehen wir durch> 
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<lie Einathmung der Auiylverbindung deii Drnck noch weiter 
heruntiirsteigen. Da das Thicr wogou seines liolieru Blutdrucks 
cine often) Wiedeiholung des Versuchs vertrug, so benut^fite icli 
die Gele.genlieit, um statt der bis daliiii geiibten kurzdauenKlen 
Einverleibung eine langore 87 SecuiKlcn aiilialteude statttindeii 
zu lasson. Wiihrend dieser langon Einblasung ging der Dnstik 
nicbt tiefer lierab als wiihrend der kilrzern, ja gegen Ende des 
Einblasens erhob er sich sogar wiederum ein Kleines. Diese 
I'hatsaclie ist rviit liucksicht auf die friiliere Beinerkung das 
curarisirle Kaninclien bctrefl'end nicbt obne Bedeiitung. Dies(?s 
Thicr (3) zeigte von deui vorhcrgelienden auch insofern ein ab- 
weichendes Verhalten, als sich die Pulszahl wiihrend imd nach 
der Einblasung nicbt iindcrte; trotzdem trat auch hier die 
Wiederherstellung des hbhern Druekes sehr langsam ein iind 
als die Luiigen des Thiers den Ainyldiiinpfen selir anhaltend 
ausgesetzt gewesen warcn erhob sicli zwar der Drnck naeli 
Beendigung des Einatbinens der Aniyldiimpfe, aber er kehrte 
nicht niehr zu seiner fnihem Kobe zuriick. Dieser IJmstand 
muss cs selir wuusclieiiswerfch erscheinen lassen, eine Mc^tliodc 
zu iiudcn, die an doiii uiiversehrten Tliier eine langerc Eiiiwir- 
kiuig des salpolrigsanren Arnyloxyds erlanbt. 

Nach diesen Vcrsuclieu, deiieu ich noch einige gleicli- 
besehaffene zufiigen kbnnte, wird es keineni Zweifel uuterliegen, 
dass das salpetrigsaui'e Aiuyloxyd zu den Stoffeu gehbrt, wolclxe 
umnittolliar aul* die Gefiisswaud liilmiend Avirken. Zweifelhaft 
Ideibt es iiur noch, ob die Nervenendigungen oder die Mnskelu 
^selbst orgriffen werden. Zudem werdeii weitere Versucho 
darliber auzustellen sein, ob die Gelasswaiid die einzige unter 
den aus glatten Muskeln hergestellLeii Hauten ist, welche der 
Vergiftung durch salpetrigsaures Amyloxyd zugiinglich ist. 

XJm auch den letzten Einwaiid wegzuraumen, der gegen das 
soebeii mitgetheilte Ergebniss erhobeii werden kbnnte, babe 
ich niich uin den directen Beweis daflir beniiilit, dass die Er- 
niedrigung des Blutdruckes in Edge des salpetrigsauren AinyB 
oxyds unabhangig ist von eiuer Schwiicliung der Ilerzkriiftc*. 
J)er Plan, nach welcliem ich die hierauf zielendcn Versucho 
‘ ausfuhrte, bestaiid darin, den Thiereu die a. aorta unmittelbar 
gjaterhalb <Ies Zwergfells zuaammenzuprcssen und sio wahrend- 




*• Einblasjfii befroiiricii ; + Einblascn becndct; im Begnin dor drei lotzfccn 
Bcobachtungon Aorta coin prim irt; 0 Aorta gootTiiot. 


J>lut iiacli (ler Verscliliessuiig der Aorta erliolsen liatte, alsLald 
wiecler absinlven rniisseri, iiachdom init deiu Eiiiblaseu der ge- 
iiatinteii Verbiiid\mg der Anfang geinaclit worden war. Diesc^ii. 
Absinken liiitte sich sclbstverstandlich in einem iim so holjeri^'** 
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(irade einstelleii iiiiissieu, je bedeuteuder das Herz unter der 
Eiriwirkiuig uuserus Giftes gelitten hiitte. Aus ein'br uiihevn 
Uel)ei’l<‘gi>ug dor Jjodiugungtiii, nnter welcheu dor «soeUju 
skizzii'te Versucli ausgefiilirt wild, orgiebt sicli jedoch sogl6ich, 


Fig. 10 >. 



Ualsmark diirchficlinitten. 

la (leu 4 letztcn Bcobachtungc^ii Aorta coinpriinirt ; bei 0 Aorta geoffnet ; 
— Einblasu.^g begonnen ; + Einblasung beendet. 


dass man nicht iiunior auf ein vollstiindiges Ausbleiben der 
Drueksenkung rechnen koiinc ; dieses darum niclit, weil ja dureli 
: die Verscliliessung der Baucbaorta nicht alle Wege nbgeschnit- 
i jjen sind, dnrch weMve das I3lut aus der Brustaprta entweiehen 



Oiese noch offen gelassenen Wege werden sich unter 




I’lC. 106 . 


• rCCKEXMAEK nURCHSCHSITTEN DKD AORTA COMPRIMIRl'. 16'Z 

dem Kiuflusse des Aiiiyloxyds erweitem und hierdurch wild 
eiue DriiMcerniedrigung mdglich werden. Uin den Wei'th dieser 



letzteren in engere Grenzen einzuschliessen, uuternahra ich die 
Aortencorapresaion nur an solchen Thieren, denen das Halii^ 
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mark zei’sclinifcten war. Durch dieso Operation war awch die 
"Wandung der nieht versclilossenen Gefasse erschlafft nnd icli 
Jiatte somit zu erwarten, dass die durch die Wirkung dea Aiiiyl- 
oxyds hinzutretende Abspannung von einer gcringern Folge fiir 
das beschleunigto Abfliessen des Blutes sein wcrde, als wenn 
das Ainyloxyd auf die noch dem nomalen Tonus ausgesetzton 
Gefiisswandungen wirksarn. gewordeu ware. 

Die Eesultate dieser Versuche siud repriisentirt durch die 
Figui’cn 104, 105 und lOG. Zum Vcratiinduiss derselben ftihre ich 
an, dass die erste Einathmung an jedeni der drei Thiere geschah, 
bovor das Eiickenmark vcrletzt oder die Aorta compriinirt war. 
Diese Versuche warden in der Absieht vorausgescliickt urn die 
Emidiinglichkeit des nioglichst normalon Tliieres gegen das Gift 
zu priifen. Nachden hierauf das lUickeninark durchscliiiitten 
war, wurde entwoder noch vor der Compression der Aorta ein 
Versueh angcstcllt, wie ihn Eig. 106 zeigt, odor es wurde aiieh 
sogleieh die Bauchaorta mit dem Eiuger zusammengediiickt, 
Als in Folge die-ses Eingrifis der Blutdmck hoch angowachseu • 
war, wurde mm mit dem Einblsuscn der giftigen Danipfe be- 
gonnen. Ueberblickt man die Eolgen, welche hierdtircii in 
zweien der vorgefiilirten Versuche (Eig. 104 und 105) eintraten, ho 
gewahrt man ciu venindcrliehes Verhalten. Defter hiilt sicli 
wahrend des Einblasens der Druck unveriindert oder er steisjt 
sogar, statt wie sonst zu sinken. Zuweilen aber stellte sich 
wahrend desselben aucb ein Sinken des Drucks ein, das jedoch 
viel geringer ist als es wiihrend der ersten Einathmung am un- 
verletzten Thiere gcwesou. Bei dem dritten Versuche (Fig. lOG) 
findef sich wiihrend der Aortencompression und des gleicb- 
zeitigen Einhlasens jedesmal ein Absinken des Dniekes ein, 
das aueh ra.sch wieder verschwindet, w’enn mit dem Einblasen 
der giftigen Diimpfe aufgehort wnrde. Aber anch diese Druek- 
verminderung iat nm cin Bctriichtliches geringer als die vor 
der Markzerschneidung und dor Aortencompression aufgetrc- 
ten war. 

Aus diesem Eesultate diirfto man zu der Ueberzeugung 
gelangen, dass das salpetrigsaure Aroyloxyd, wenn uberhaupt, 
doch zum mindesten nieht machtig genug auf das Herz wirke 
v um das betrachtliche Abfallen des Druckes zu erkliiren, wel- 
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<3hes seine Einathmmig vor der Aortencoinpressioii lierbeifuhrt. 
Ueberlegt^man nun, class cs Falle giebt, in welclien der Bnick 
gar ni^jht absinkt naclident er diirch die Yerscbliossung der 
Aorta eniporgetrieben wurdo, und bedeiikt man ferner, dass 
die schwiicheru Druckabfiille, welche ^v^ih^clld des Aorten- 
sehlusscs eintraten, ibrc geniigonde Erkliiriing durch die Ei- 
weiteriing der Schlusselbein- iirid Koj)farterienzweige linden ; 
erwiigt man eiidlich, class die Zalil der Hcrzselilage durch das 
Einblasen des gil'tigcu JDampfes keine Verj'inderung erfalii t, so 
diirfte man zu der XJeberzengmig gelangcn, dass das salpetrig- 
;saure Ainyloxyd auf das Herz liberliaupt koine unmittelbare 
Wirkiing libt. 

Kin SyinptoiTi, wolclies eine besondere Erklarung bediirfto, 
sind die Kriinipfo der Skcdetinuskoln, wolche ausnalimslos beiiii 
Kaninclitni cintreten, das riicbt init Curare vergiftet und dessen. 
Kiickeiimark nicht durcliscliiiitteii ist. Icli babe es einstweilen 
unterlassem nach einer Erklarung fiir dicselben zu sucben, da 
► ich iliren Eintritt nieinals bei den Mensclieii boobaolitet Lube, 
welchc salpctrigsauren Ainyloxyd einathmeteii. 


Seldiesslicli lasse icli noch die ZaJilen folgen aus deneu 
die Eigureii der vorstclienden Abhandliing ooiistruirt sind. — 
Ich bitle bei der llurclisiolit die Pulszahlen zu beaebten. 
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ON THE ACTION OF NITRITE OF AMYL ON 
THE OmCULATION [AND ON ACTIVE DI- 
LATATION AND CONTRACTION OF ARTE- 
RIOLES INDEPENDENTLY OF NERVE- 
CENThES].* 


(P'roni the Journal of Analonnf ami Phtfsiologt/, vol. v, ISYl, pp. 92 to 101.) 


The property of causing flusliing of the face and throbbing 
of the carotids, which nitrite of amyl possesses, was first 
observed by Guthrie in 1859, but no further notice of it was 
taken till Dr. Ilichardson, in 1866, again drew attention to it. 
His experiments led him to conclude that it paralysed the* 
nerves from the periphery to the centre, lessened the con- 
tractility of the muscles, and dilated the capillaries in the 
web of the frog. They were sliortly afterwards repeated by 
Drs. Gamgee and Kutherford, who, however, found no action on 
the nerves, eitlier sensory or motor, and rarely any on the 
capillaries of the frog. In some other experiments, also un- 
published, but whose results they have kindly communicated to 
me, they found that the spliYgmograpliic tracing of the radial 
pulse underwent a remarkable cliange, the waves becoming 
much more frequent, and their ascent, but especially des(*<mt, 
much more rapid ; and the pidse-rate and pressure in a inano- 

* Tl»e chief research on which T Tras engaged in Professor Ludwig's labora- 
tory during the summer of 1809 and winter of 1869-70 was that relating to the 
local dilatation and contrafjtion of arterioles iiidepondoiitly of nerve- ocnti*es. 
This was the research which Professor Ludwig had suggested and ou which he 
worhod with me, wliilo that on nitrite of amyl was only carried on at those 
times when Professor Ludwig was engaged with otlier students. As time did 
not allow me to finLsh the r(?seareli on the arterioles, that on nitrite of amyl 
was published and only a brief abstract given of the results obtained during 
the research on the a;rterioles, both Professor Ludwig and 1 hoping that oir- 
.cumstances might allow mo to return to his laboratory and finish it. This was 
unfortunately not the case, and be continued to work at the subject with Hafi% 
Lepine; A. Mosso, Von Frey, and OaskelL 
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meter connected with the carotid of a rabbit falUng, when the 
vapour of tlie nitrite was inhaled. Previous division of the 
depressor nerves did not affect the result. 

Thc» diminished blood-pressure which it produces, led me to 
apply it in angina pectoris, and tl\e good results I obtained 
Tuada me anxious to investigate more closely the nature of its 
action. An excellent opportunity for doing so was afforded me 
by the kindness of Professor Ludwig, in wliose laboratory at 
Leipzig the experiment.s, the result of which I am about to 
give, were carried on. With the exception of one or two on 
dogs, they were made upon r.ibbits ; and instead of allowing the 
animals simply to inlude the vapour, artificial respiration was 
employed, the apparatus being so arranged that the air could be 
eitlicr sent direct from the bellows, throngli a tube in tlie 
trachea, to the lungs, or passed through a vessel containing the 
vapour of the nitrite. The advantages of this arrangement 
\vere that the bellows being worked by an engine with great 
wgularily, the distinbiiig iuliuences of unequal respiration on 
the Idood-pressure were to a great exKmt avoided. One of the 
cliief of these is that any strongly smelling vapour, and nitrite 
of amyl among others, acting on the nose of rabbits, causes 
suspension of the re.spiration for a short time ; and the alteration 
in the condition of the blood thus produced causes irritation of 
the vagus and slowing of the heart’s action; such as Ore. 
Rutherford and Gumgeo found accompanying the sinking of the 
hlood-pres.snre in rabbits. 

When air charged with the vapour was passed directly into 
tlit^ trachea of a rabbit the blood-pressure almost immediately 
Siurk very much, but the pulse-rate remained nearly unchanged. 
As the pre.s8ur6 sank general convulsions took place and the 
pressure immediately rose, notwithstanding the continued 
inhalation of the vapour, the pulse curves becoming at the same 
time indistinct, so that the rate could not be well ascertained. 

When the va|X)ur was discontinued after twenty seconds 
tlie pressure rose still more quickly, and in a minute at most 
attained its normal height, as is seen in Fig. 107, where tlie 
distance along the abscissa indicates the time, and tlie ordinate 
the pressure in millimetres of mercury. This shows that very 
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small quantities of tlie drug produce a great effect, and that its? 
action speedily passes off, the vapour being either bxcreted or 
destroyed in the body. <• 

In order t*) avoid the disturbance occasioned by the cdhvul- 
sions, the animals were tlieu poisoned by curare and the vapour 
aduiiuistered. The iiressure, as before, sank inimediatel?jr*knd 
did not return to the normal amount so long as the inhalation 
was continued. It did not, however, sink constantly, and then 
remain at a definite mininiuni, but oscillated up and down, just 
as Traube observed it in curarised animals, and as is shown iii 
the last two curves of Fig. 107. 

It is possible that the convulsions wldcli occur readily in 
rabbits, but which I have only once, and that to a very slight 
extent, seen in man, are sutfocative, like those produced by CO, 
for Dr. Gaingee has shown that nitrites acting on the blood 
prevent lucmoglobin from giving up its 0. I'liis is the more’ 
l)robable as tlie respiration is first affected, and if a drop of 
nitrite of amyl be mixed with water and tlie vapour tliujir 
diluted be administered, the limbs remain quiet, but tlie animal 
l>egins to make respiratory movements iiidepeiul..*i)tly of the 
bellows, and when the vapour is less diluted these become more- 
and more marked till general convulsions take place. 

The diminished blood-pressure might be due either to a 
lessened power of tlie heart, or a dilatation of the arteries and 
a consequently diminished resistance. That the latter is the 
true cause is rendered probable by the fliisbing which the 
vapour causes, both in the human face and the rabbit's ear, and' 
is shown by what might at first seem an anomalous action in 
some dogs. When the pulse in dogs is slow, the inlialation of 
amyl produces comparatively little effect on the blood-pressure ; 
and it might be thought tliat its action w^as different in them 
irom rabbits, but the reason is that the pulse, which in rabbits 
is naturally rapid, and remains unchanged by the vapour, 
becomes in these dogs remarkably quick, almost as much so as 
in rabbits. If the vagi be first divided, so that the pulse in the 
dog becomes quick like tliat of the rabbit, and the nitrite be 
then inhaled, the pressure falls just as in rabbits. lu order to 
confirm this View, and at the same time to decide the question. 
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the vaso-motor nerves derive from the medulla oblongata, another 
series of experiments was undertaken. This question was the 
more interesting from its connection with another research 
which I begiin under Professor Ludwig’s direction, but unfortu- 
nately have not yet finished. Professor Ludwig observed, and 
directed iny attention to the fact, that the alterations in J.he 
lumen of .arteries noticed by Schifif in the rabbit’s ear, may be 
seen also in all exposed arterial twigs in the skin and connective 
tissue They vary in amount and rapidity in different animals, 
and in the same animal at different times. They are sometimes 
absent, but in such cases may he generally producixl by poison- 
ing with curare, or by suspending the respiration ; and when 
once aroused, they continue some time, although the respiration 
be afterwards most carefully perfornied. 

That these alterations are, at least in part, completely inde- 
pendent of the vtiso-motor nerves in the brain is shown by their 
occurrence in the ear and other parts, after all the nerves, 
sympathetic .and cerebrosj)iual, going to the part have been, 
divided, and after division of the cord in the neck notwithstand- 
ing the low pressure which theji I’emaius. 

The form of the variation shows that they do not depend on 
varying blood-pressure in the large arteries; for sometimes a 
contraction suddenly appears between two parts of the artery 
filled with blood, and in one case in the rabbit’s ear I noticed 
such a contraction toke place in a small artery at the point 
where it branched off from a larger one, and jproceed peristalticall y 
downwards. 

the lightest touch on an artery after division of the nerves 
causes a movement generally limited to the part, and consisting 
not in a contraction, but in dilatation, which remains for some 
time, and gradually disappears. As Gunning and Gohnheim 
have made similar observations on the tongue and web of the 
frog, and some facts in Sadler’s research {Ludwig's Arbeiien, 
4ter Jahrg.) can only be explained by an independent motion of 
the vascular walls, it seems to be a widely extended and there- 
fore important phenomenon. If the nitrite acts through the 
vaso-motor centies in the brain, it should have no effect if these 
be separated from the vessels by dividing the cord in the neck, 
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but if its action be exerted directly on the vessels, the division 
of the cord will not prevent it, and that it in fact does not do so, 
will b^seen from figs. 108 and 109. The blood-pressure, which 


\ 
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had sunk very low after division of the cord, sank yet farther 
■when the nitrite was inhaled. Although tlie sinking was not 
absolutely great, it was so relatively to the very low pressure 
already existing, and was analogous to that observed on" the 



section of a second splanchnic nerve after division of the first. 
The other experiments, to prove tliat the diminished blood- 
pressiu’e after inlmlation is due to dilatation of the vessels, and 
not to a weakened heart, consisted in compressing the aorta 
belQW the diaphragm and then adininistering the nitrite. If 
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the diminntion in pressure was due to a weakened lieart, the 
inhalation* of the nitrite sliould at once cause a diiniiiutioii ii\ 
the pressure to whicli the blood liad attained after eoinprc*ssion. 
of tlie aorta. As only the eircuhition in the lower ]xirt of the 
body was in this way cut off, we cannot cxjHK:t that no sinkino* 
should take place, but only that it should be less limn the 
normal. In order to diminish the error from this source, tlu^.se 


Fio. 110. 
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experiments were made after previous division of the cord in 
the neck so that the vessels should become relaxed^ and the 
difference produced in their calibre by the vapour being thus less. 
The results obtained were, as shown in figs. 110, 111 andllU 


Eio. 111. 



Cord cut in the neck. 

In the last four observations the aorta was compressed ; at o tlie aorta was 
opened. - Inhalation begun. + Inhalation stopped. 


that sometimes a rise took place during the inhalation, but 
generally a sinking, much less, however, than in the normal 
'condition. 

We may therefore conclude that the diminution in the blood* 
pressure is not due to weakening of the heart’s action, but to a 
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dilatatiou of the vessels, and that this depends on the action of 
the nitritd on the walls of the vessels themselves. Whether 



this is due to its action on the muscular walls themselves, or the 
nerve-ends in them, cannot at present be with certainty said ; 
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and further experiments must be made to determine whether 
the walls of the arteries are the only structures consisting of 
unstriped muscle which are affected by it. ^ 

The further dilatation which takes place after the usual? toiuj 
of the vessels has been destroyed by division of the cord, seems 
to indicate that it is of an active nature analogous to that in^tlie 
vessels of the penis after irritation of its nerves ; and this Avould 
point rather to an affection of the nerves than of the muscular 
fibres. In conclusion, I desire to express my warmest thanks 
to Professor Ludwig for the great kindness he has shown 
me, and for Ids invaluable advice and assistance in this investi- 
gation. 



NITRITE OF AMYL IN ANGINA PECTORIS. 

* (Reprinted from the Clinical Sociel^^x Iteports^ vol. iii, 1870.) 

William II — , ajt. 26 ; formerly a blacksmith, now a toll- 
keeper, admitted to Ward I, Itoyal Infirmary, Edinburgh, 
December 7th, 1S6(). 

Antev.edmt Hist or if . — Patient was strong and healthy till hivS 
tenth year, wlien he was confined to bed for six: nioutiis by a 
severe attack of rlieuinatism. During the next twelve years he 
bad four other less severe attacks, and after recovering from the 
last of these liis feet began to swell during the day. 

In April, 1866, he had a seventh attack, whicli lasted for a 
month, and six week.s after it was over lie noticed an unusual 
palpitation of his lieart, for wdiich he entered the infirmary, and 
remained there three weeks, but left unrelieved. The palpita- 
tion gradually increased till lie felt it along the line of tlie 
carotids as high up as the cars ; and in November last he began 
to feel besides a dull heavy pain about the left nipple. At first 
this came on every three days, usually during the night, and 
lasted half an hour. During tlie day he felt little incoiivonience 
from the palpitation unless he exerted Jiimsidf, 

On admission, the jiaiii was no longer confined to the region 
of the left nipple, but was worst along the right border of the 
sternum, (ind extended up to the right arm. This pain was 
more severe if he walked about much, otherwise lie felt well 
Professor Maclagan had charge of the clinical \var(ls at this 
time, and the patient was treated for six weeks wMtli tincture oi 
aconite, and then with tincture of digitalis ; but under these 
remedies the pulse became intermittent, and the pain was not 
relieved by either, and rather ^aggravated by digitalis. Tliey 
were therefore discontinued, the digitalis being stopped on 
January 31 st. During their employment wet cupping over the 
cardiac region to the extent of 5^^ temporarily relieved the 
pain. 
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February 1st, Professor Maclagan’s term of office havin 
expired, Professor Bennett took charge of the clinical U'ards. 

On February 6th the patient began to complain of pain in 
the back, neck, head, thighs, and elbow-joints ; he had no d^pe- 
tito, was perspiring profusely, and his pulse was 116, full and 
strong. Next day the pain was most severe in the shonldSrs, 
back, hip, and knee-joints. 

On tlie 8th he was examined by Professor Bennett and the 
clinical class, and the following was found to be the condition 
of his circulatory system : — Apex beat 2^ inches below and 
2^ inches to tlie outside of the left nipple. On palpation, pul- 
sation is felt over the whole left front and side of thorax, most 
strongly between the fourth and sixth ribs, and faintly over the 
supra-clavicular region. 

Cardiac dulness commences at the middle line of the sternum 
and extends laterally outwards for o inches. 

A loud, double, blowing .sound is heard over the whole of the 
cardiac region, but is loudest at the base. Over the right* 
stemo-elavicular articulation a single blowing is heard. Pulse 
104, strong and jerking. The respiratory .system was normal, 
the skin covered with an acid sw'eat, the tongue furred, no 
appetite, urine liigh-coloured and slightly albuminous. The 
pain in the joints continued along with pain in the neck in the 
line of the carotids, but the pain in the cardiac region was 
absent. 

On the 11th the pulse fell to 80, and the pain in the joints 
diiftinished, but the patient was still troubled by pain in the 
left ear, and along the line of the carotids, with violent pulsation 
in them at night. 

On the 18th the rheumatic pains in the joints and shoulders 
had entirely disappeared, but tire pain in the cardiac region came 
on during the night. 

On the 19th four ounces of blood were taken from the arm, 
with immediate relief from the pain ami violent pulsation, and 
the pain over the heart, which usually came on at 3 a,m., was 
much less on the ensuing night. 

\26th,—Patienl’8 appetite remains tinimpaired by the pain, 
and he takes all his food, consisting of steak diet, beef tea, 
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potatoes, and bread. Pil. Colocynth. c. Hyoscy. every other 
iiiglifc. Ordered Tinct. LobolisE, 20 drops three times ^ day. 

27th.'*—The pain continued to come on during the night, 
^iv of blood were taken from the arm at 10 p.in. An hour after 
patient went to sleep, had a good night, and the pain did not 
corrft on. 

March .3rd. — Pain felt at 11 p.m. in breast and ears. A 
poultice applied over the breast gave some relief. 

6th. — Pain severe at 3 a.m., lasting for about one hour. x\.t 

9 a.m. of blood were taken from the arm. At 10 a.m. pulse 
76, not so forcible as yesterday. 

7th. — Xo pain during the night. 

8th — Pain came on as usual during the night. Tinct. 
Lobeliae to be stopped. 

9th. — 5.1 of brandy to be taken when the pain comes on. 

10th. — The pain came on in the niglit and was not relieved 
by the brandy. 

• 12th. — The pain came on as usual at 3 a.m. A few drops of 
nitrite of amyl were put on a towel and inhaled by the patient. 
The primary effect noticed was a suffusion of the face, and the 
patient felt a glow over his face and chest. The pain dis- 
appeared almost simultaneously with the occurrence of these 
phenomena, but returned in three minutes. He then inhaled 
5 droj>s more ; the pain again disappeared and did not return. 

16th. — The pain has recurred each night and been relieved 
by the inhalation of 10 drops of nitrite of amyl. I.ast night it 
came on about 10‘30 p.m., the same in position and character 
as before. On the patient’s taking 10 drops of nitrite of amyl 
in 588 of brandy, the pain went away, but returned in three 
minutes ; 5 drops were then inhaled from a towel, and the pain 
disappeared. He went to sleep in an hour and slept till 3 a.m., 
when he was awakened by a return of the pain. He drank 

10 drops in a little brandy, but, no effect following, he inhaled 
a few drops. The pain disappeai’ed and did not return. 

17th. — Pain came on at 1 a.m.; 10 drops were given inter- 
nally. The pain was relieved, but returned in a few minutes; 
10 drops were then inhaled. The pain disappeared and did 
not return. 
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Dr. Bennett, tliinldng the relief of pain by tbe amyl might 
be due to aiiiesthesia, ordered chloroforin to be tried during the 
attack. 

18th. — About 2 a.m, the pain came on as usual, and chloro- 
form was inhaled by the patient. He was only partly put 
under it, and as soon as he again became completely conscious 
the pain was found to be present as before ; G drops of nitrite 
of amyl w'ere then given by inhalation. I1ie pain disappeared 
and did not return. 

25th. — Tlie pain came on at 1.58 a.m., but was not very bad. 
While it w\as present the pulse was 100, respirations After 
amyl was given, but the pain was not quite gone, the pulse was 
130, it fell with the disappearance of the pain to 100, and twelve 
minutes after w’’as 80, and the resi>irations 24. 

April 6th. — The pain had come on about 2.35 a.m., and the 
patient was relieved l.)y a whilf of amyl, but it began to return 
at the end of the .sterniun, riglit ear, and right shoulder. The 
chest was auscultated, but no abnormal sounds could be 
detected to indicate any coincident spasm of the bronchial 
tubes. 

10th. — Patiemt continues to have the pain every night, and 
instead of inljaling the nitrite of amyl from a cloth, does so 
from the bottle. Two or three inhalations usually suflico to 
relieve the pain. Up to the 8tli lie used pure nitrite made by 
Dr. Gamgee, but this being finished, he then began to use some 
ina<le by JMacfarlane & Co., but tlie smell of it was not so agree- 
able, and it sometimes occa.sioned headache, which the purei 
amyl never did. 

14th. — The pain has been coming on several times during 
the night, is most intense at a spot two inches inside of the 
right nipple, remains there after it has gone from the rest of the 
chest, and is only removed liy repeated inhalation. Last night 
it came on three times, and was relieved by arnyl each time, but 
five or .six inbalations were required. To-day at 11 a.m. ^iv of 
blood were taken from tlie ])atienPs arm, ami he was ordered 
Potass. lod. gVi viij, three time.s a day. 

17th.— Pain came on during the night and continued unin- 
terruptedly for one hour and a half. By Dr. Bennett’s order 
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ho aniyl was taken, in order to determine wlietlier the relieP of 
tlie pain waS due to it or to some change in the symptoms inde- 
pendent it. Three dry cups were ai)plicd over the cardiac 
regiom They did not relieve the pain. 

18th. — No pain during the night. No amyl taken. 

patii. — Very little pain, lasting lialt' an hour. Took no 
amyl. 

May 9th. — Has had the sjjasmodie pain every night. Lost 
night it came on five times at intervals of about an liour, and 
was in each case relieved by inhalation. 

15th.— Tain has been rather less during the past two nights. 
Attention was called to-day to purpuric spots upon both legs, 
which the patient had noticed some days previously. The gums 
were neither swollen nor tender. His diet for some time past 
has been beef-steak and potatoes, witli porridge and milk for 
hreakfiist. The use of iodide of pobissium to be suspended. 

iTth. — Pain came on severely in the chest a little after 
Hjidniglit, It was worst 2 inches inside of the right nipple. 

Tracing 1 (fig. 117). — Oh. 22' a.m. Pulse 104 small, reap. 3t). 

There is a thrill to be heard and 
felt with the second sound at the 
apex. 

22' 40" 13 tlrops inhaled from a cloth. 

Tracing 2 (fig. 118). — Oh. 24' 0" The lever of the sphygmo- 

graph has risen very much. The 
pain has gone, except at a point 
2 inches inside of right nipple. 

25' 30" 5 drops more given ; pulse 112. 

Oh. 28' 0" Pain almost gone ; patient now 
inhaled from the bottle; pulse 
100 . 

Tracing 3 (fig. 119). — Oh. 34' 0" Pain has been gone for 

4 minutes, hut at 37' it began to 
return inside the right nipple, and 
a little more was inhaled. 

Oh. 40' 0" Pain quite gone; pulse 92; xesp. 
28. 

Tracing 4 (fig. 120). — Oh. 47' 0" Pain did not return. 



190 NITRITE OF AilVli IN ANGINA PECTORIS - 

In these tracings, like the others, the patient’s position ms 
unchanged, and neither the band nor pressure screvv of sphyg- 

inograph was touched. * 

Pain came three times last night, and was very severe. 

He has had it during the day three times. The purpuric spots 
oh the legs are much paler. To recommence iodid* of 

potassium. _ 

21st. The purpuric spots have reappeared on both legs, lo 

stop the Pot. lod. He had pain last night, but none during the 

day. . , 

24th Pdcd to ^iv on account of general uneasiness ana 

powerful pulsations of the heart. The bleeding was immediately 

followed by a sense of relief. 

28th.— The pain has only been absent one night since the 
bleeding, but it has been much less severe than before it. The 
sphygmograph was fixed to his arm to-night in order to take a 
normal tracing for comparison with one to be taken during the 
attack. This had scarcely been done when the pain unex# 
pectedly came on. The tracing (fig. 1^1. P- though 

unfoTtuiiaU ly very imperfect, shows the diminished voliinio and 
increased tension of the pulse. In 2 (fig. 122) the pain was 
severe, and 3 (fig. 123) was taken after inhalation of amyl. 

June 1st. — Condition remains the same, spasmodic pain in 
the cardiac region occurring every night, but not severe, and 
easily relieved by a few inhalations of nitrite of amyl. Patient 
wished to resume his former occupation of toll-keeper, and was 
to-day dischai-ged at his own request. Kecomniended to have 
occasional small bleedings. 

Reimrhs. — In this case of Dr. Bennett’s, which by his kind 
permission I now publish, we have a history of numerous 
attacks of rheumatic fever, followed by cardiac lesion, wlucn 
was accompanied by palpitation of the heart, throbbing m the 
carotids extending as high as the ears, and a spasmodic pain m 
the chest. This pain was sometimes most severe near the leit 
nipple, and sometimes at the right border of the sternum, but 
extonded over the whole cardiac region, and shot up to the 
ear and down the right arm. It used to come on suddenly 
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during the night, generally between midnight and 3 a.m., was 
accompanifed by little or no feeling of dyspnoea, and was some- 
what relieved by the patient’s sitting up. It generally came on 
every third night at first, but latterly every night, and wa.s 
worse when the patient had used much exertion daring the day. 
It yas not relieved by tincture of aconite, tincture of lobelia 
inflata, biundy, or dry cupping over the cardiac region. It was 
made w’orse rather than better by tincture of digitalis. It was 
temporarily reUoved by chloroform, but whenever the stupei'y- 
ing effect passed off the pain was as bad as) before. It was 
somewhat relieved by warm poultico.s to Llie chest, and was 
generally absent for one night after a small bleeding, either 
from the arm or by cuijpiiig the chest. Under the u.se of iodide 
of potassium the attacks became less l‘re(iueut, but purpuric 
spots appeared on the limbs, and each attack was at once re- 
lieved by the inhalation of nitrite of amyl. During an attack 
of rheutnatic fever it disappeared completely, again returning 
^witli the dcpartiu'o of tlie rheumatie pains. 

Angina pectoris is defined by Dr. Walslic as a paroxysmal 
neurosis, in which the heart is essentially conccined, and he 
divides it into pseudo and true angina, which differ mainly in 
the intensity Of the symptoms. Friedreich and others divide it 
into functiojial and organic, according as it is accompanied by 
cardiac le.siou or not. From the absence of a sense of impend- 
ing death, the present case might be reckoned as one of pseudo- 
angina, but in the intensity of the pain and the manner of its 
radiation it more closely resembles true angina. As a cardiac 
lesion was present, it belongs to the class organic angina. 

Various opinions have been advanced as to the pathology of 
this disease, some saying it is a mere bracliio-thoracic neuralgia, 
but most holding that it is a neuralgic affection of the cardiac 
plexus. Some are of opinion that it is associated with cramp 
of the heart, others with weakness of that organ. 

I'ichwald* thinks that there is not only weakness of the 
heart, but a mecha.nical impediment to its action, produced by 
irritation of its regulating nerves, and that the pain is caused 

• Wwrtbnry. m^d. ZeiHchr., toI. iy, 249; Cblt.f. mcd. Wit*., vol. i, &11. 
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l)y unavailing efforts to this ofistacte. Nothnagel* 

atates that during angin?i||^|a is pallor and coldne^ of the 
extremities, small pulse^ and;; cither symptoms ot a droM^Iike 
contraction of the systemic arteries, and thaf- the spasm is 
relieved by remedies which hause their relaxation, such as warm 
baths and friction. " 

It is quite possible that the pathology of all cases classed 
under angina pectoris is not the same, and that the differences 
of opinion are not due merely to the Avant of exact methods of 
observation. What the nature of the attack was in the present 
case may be learned to some extent from an examination of the 
sphygmographie tracings, wliich were begun by direction of Dr. 
Maclagan, and continued during the time the case was in the 
wards under the care of Dr. Ecnnett. In taking these tracings, 
the instniment, which was one of Marey’.s, without any means 
of estimating the pressure employed, was applied to the arm 
above the end of the radius, as it uas found to cause pain when 
applied over the bone for any length of time. The amplitude ’ 
of the curve thus obtained is greater, and it did not occur to me, 
till after studying the physiology of the circulation under Pro- 
fessor Ludwig, that in such cases as the present, where sudden 
changes occur in the vessels, I was increasing the fallacy which 
the variation in the height of the lever from turgescence of the 
tissues produces, and Avhich may be confounded with a rise 
from increased tension in the vessels. E.xcept where marked 
otherwise, the tracings were all taken with the patient in a 
recumbent position, and neither the cord by which the instru- 
ment was attached to the arm, nor the screw regulating the 
pressure, was touched dui’ing the observation. 

The case excited considerable interest, and was carefully ob- 
served and commented on by Professor Bennett to the clinical 
<das8, and the cardiac lesion was diagnosed by him from the 
physical signs to be aortic obstruction and regurgitation, with 
dilatation of the aorta, but no sacculated aneurism. 

The tracings confirm this diagnosis, showing in a typical 
manner the abrupt ascent, terminating in a hook, of each wave, 
characteristic of the itnfiUed arteries, which aortic regurgitation 
* jUmt. Archf.kUtt. toI. iii, 309; Chlt.med, yd. v, 715. 
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produces, and the long and romide^;apex of aortic obstruction. 
There is, liowever, a marked between the tracings 

from til)e two radisils, the ascent of tjti6 Wave being more abrupt, 
the top Batter, :tod the descent distinctly dichrotic iu the right, 
while in tlie left the ascent is less abrupt, as s]K>wn by the 
sinayer hook at the top ; the maximum height is not attained 
till near the end of the systole, and there is generally little or 
no dichrotism iu the descent. This might be due to aneurism ; 
but there were no physical signs to show its presence, and in 
the absence of o, post-mortem exaiuiuation, or experiment with a 
schema, hypotheses as to the cause of difference arc of little 
value. 

The tracings taken during an attack were chiefly from the 
right radial. Tlie only one I got wliile the pain was actually 
coming on is unfortunately an imperfect one (No. 1, May 28th, 
Fig. 121). From this tracing, and from tliosc taken when the 
pain was becoming worse (Nos. 1 and 2 of May 17th, Figs. 117 
and 118), it will be seen that as the pain increased the curve 
t^ecaiue lower, both the ascent and descent more gradual, and 
the diclirotism disappeared. This form of curve clearly indicates 
that the arterial tension is much increased, and this increase can^ 
I think, he due only to contraction of the small systemic vessels, 
so sudden and so great as well to deserve the name of spasmodic. 
As 1 have stated in a former paper,* this increased tension led me 
to suggest nitrite of amyl to relieve the spasm.-f* The rapidity 
with which this increase in tension takes place is .shown by the 
great change which the form of tlie pulse has undergone iu 
Tracing 1, May 28th, during the short time occupied in re-in Ic- 
ing the pen. It would seem from Tracings 3 and 4 (Figs. 115 
and 11(5) of the plate tliat the tension iu the right radial was 
raised more than in the left, and farther experiments with 
simultaneous tracings are necessary to decide whether tlie spasm 
extends to all systemic vessels or to all alike. 

At the same time that the tension increases the pulse be- 
comes somewhat quicker, which shows that there is some dis- 

♦ Layicet, J uly 27tb, X8C7, e/. antea^ p. 137. 

t 1^^* Bennett, pn being informed of the successful result of t!jo first experi- 
oient, ordered the inbalatiou to be continued. 


0 
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turbance of the regulating apparatus of tlie heart, as normally 
the increased tension acting on the roots of the va^us should 
slow the pulse. It has been suggested to me (by Pjotessor 
;!hudwig) that the pain iu the heart may be due to irritation of 
iits sensory nerves by the great pressure of the blood, and 
that in the right arm and neck may be due to the aame 
cause acting on the arteries, those of the riglit side being pos- 
sibly contracted more than the left. Whenever the tension was 
lowered by nitrite of amyl the pain disappeared from the 
greater part of the cardiac region, the neck and the arm, but 
sometimes remained persistent at a point about 2 indies to the 
inside of the right nipple. This I think indicates that the tension 
in the right ventricle was not yet relieved, and the small volume 
of the pulse (see Tracing 3, May 17th, Fig. 119) seems to show 
that the amount of blood passing through the small pulmonary 
vessels at each .systole was small, probably from contraction of 
their lumen. So long as this condition remained the pain was 
almost certain to return. It is possible that the I’iglit ventriel^ 
might not be able to empty itself completely at eacli systole, 
was therefore quickly refilled, and consequently contracted 
frequently, forcing the left ventricle to contract witli it, and 
fyroducing the rapiii pulse with small volume seen in Tracing 3 
of May 17th, Fig. 119. The influence of the small ves.sels of 
the lungs over the circulation, though in all probability of 
extreme importance, is a subject of which we know as yet 
almost notliing. 

* The question whether the contractile power of either ven- 
tricle is lessened during the attack is one which cannot he 
decided with certainty from the present tracings. Digitalis 
which has been recommended on the supposition tliat the 
heart is weak during the attack, proved productive in this case 
of more harm than good, contracting, as it does, the stnall 
vessels. 

We may, I think, conclude that (1) the attack in the present 
case consisted in a spasmodic contraction of some, if not all, of 
the small systemic, and probably of the pulmhnary vessels, 
causing great increase in the blood-pressure ipf.bpth sides of the 
hsett, such as is found in tmiinals after division^qf the vagi; 



TBAOiNOS OF THE PULSE. 

Iir AiraiKA Fbctobis. 



JEToRMAL PlTME. 

Kigbt radial. 

J'lo. li;i. 


fVKlVJWJ\IMllVI\J 

E^ji^hrf-mYvTf 

JMMWj\ 1 VV)\WV 


Left radial. 

Pio. 114, 


Ditring Akoixa. 
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Left radial. 
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May 17th. 
1. Pain severe. 

Flo. 117, 



2. Pain gone, except 
near the nipple. 

Fig. 118. 




3. Pain quite gone, hut 
afterwards returned. 
Fio. 119. 



4. Pain gone, and did 
not return. 

Fig. 120. 


Miy 2Sth 
1. Pain coming on. 
Fjo. 121. 


2 Pain severe. 

Fig. 122. 


3. Pain relieve br 
Amyl. 

Flo. 12&. 
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(2) that this Vas probably due to a cleraugeinent of the vaso- 
tul^Gr system, and accompanied by a derangement of the cardiac 
• jrtiigulating apparatus, producing quickened instead of ^slowed 
vipqlsatioii ; (JJ) that the pain was not primarily due to in-ikition 
the nerves composing the cardiac ])lexus, but produced by 
the pressure of the blood on those of tlie heart and ailiejjies ; 
and (4) From the alternation of the attacks with rheumatic 
pains ill other parts of the body, that they were of rheumatic 
origin. 



JFFECT OF WARMTH IN PREVENTING ' 
DEATH FROM CHLORAL. 

(J^vomiheJourrMlofAnaioiny and Vliysiology^ vol. 8, Maj 1874, pp. 332 to 3, 9 ) 

S.IKCE chloral was first brought into notice, and its action inves- 
tigated by Liebreicli, it has been made the subject of nuiuerous 
experiments, and lias not only proved a most useful medicine 
but a valuable aid to pliysiological research. During the stay 
made in this country by Professor Strieker four years ago he 
used chloral freoucntly as an amcsthetic Avhile making some 
cx])criments with Dr. .Biirdon Sanderson on the circulation in 
mammals. At his suggestion I made the following experi- 
•luenls as well as many others which it is (luito unneces* 
sary to give at length, as they simply confirm the observations 
of Liebreicli and others. The general results were that the 
suheivtaneous injection of a solution of chloral induced sleep, 
which was light and readily broken if the dose wore small, but 
passed into coma if the dose w(a*e large. In dogs considerable 
restlessness was o))served before sleep came on. Tlie power of 
muscular co-ordination was affected in dogs before sopor was 
induced, so that they staggered and fell when attempting to 
walk either of their own ac(R>rd or in obedience to a call. A 
similar loss of co-ordination was observed in rabbits, but in 
general they and guinea-pigs sat quietly after tlie adiiunistra- 
tion of the chloral, and tlius the motor affection was less percep- 
tible in tliem than in dogs. In dogs the respiration occasion^ 

. ally became very nipid immediately after tlie subcutaneous 
injection of chloral, hut it became slow after the aiiimal begdu 
to exhibit symptoms of drowsiness. In rabbits and guinea-pigs 
the number of respirations was also diminished, but a pre- 
liminary acceleration was not obseiwed in them. The pulse 
yras ^9fe Reeled as the respiration, and the 

After the resniratorv move-i 



198 ?|TECT of warmth in FRBVENTINO death from. liHLOBtlfc 

feints had ceased. One of the most important phenomena, 
^nd the one to which I wish to call particular attention at 

t seilt, is tlie diminution of temperature which chlqral in- 
les, and the extraordinary effects of warmth in hastening 
'Recovery from its action, and preventing death from an over- 
dose. The fall of temperature has been noticed by Liebieich 
and most other writers, but the effect of warmth applied to 
the animal’s body has not, I think, received sufficient attention, 
although Dr. Richardson has pointed out its usefulness in pre- 
venting death. The diminution of animal heat is partly due 
in all probability to greater loss from the surface cau.sed by 
the vessels of the skin becoming much dilated under the in- 
fluence of the drug, and allowing the blood to be cooled more 
readily by a low external temperature. It is partly due also 
1^ diminished production of lieat which ce.ssation of nms- 
e'.ilur action always causes, whether it be induced by simply 
tying , down an animal so as to prevent motion, or by the 
jadii^istration of curare or narcotics. , 

■ Strieker having noticed that the animals on wliioh • 

iie experimented often required a second dose of cliloral to 
maintain anaesthesia, when they were wrapped in cotton-wool 
so as to prevent loss of heat, and still more wIkmi they were 
laid in a warm place, I made the following exiieriments at lii.s 
suggestion. They show clearly that an animal wrapped in 
cotton-wool may recover perfectly from a dose of chloral w’hich 
is sufficient to kill it when exposed to the cooling action of the 
ail twbichinthe laboratory was about 20° C.), and that recovery 
from the narcotic action is much quicker when the temperature 
is maintained in this way, and still more rapid when the animal 
is placed in a wai-m bath. If the temperature of the bath is 
too high the animal may die from excessive heat, as I have" 
shown in a former paper.* 

The bearing of these experiments on the treatment of 
persons suffering fFom an overdose of cliloml is so obvious as 
hardly to require any observations from me. The patient 
;jhould be put to bed, and the temperature of the body main- 

: (* On the E^aot of 'temperatnro on the Mammalian Heart and on thie Action 
cl :Uie RisporUi "voV Tf 1S71 
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tained by warm blankets and liot- water bottles to various parts^" 
of the body, and especially the cardiac region. Warmth over the. 
heart is* an excellent stimulant to the circulation, which, like ; 
the respiration, is enfeebled by chloral, the heart, accoi'ding to* 
Ilajewsby, being more or less panilysed by the drug. If respi- ' 
rati<9n threatens to fail it should be maintained .artificially so 
as to allow time for the chloral to he excreted and the normal 
functions to be restored. 


Expt I. Into two guinea-pigs of nearly equal size 0-6 c.c. 
of a 50 per cent, solution of chloral (equal to about 5 grains or 
0'3 gramme of chloral) was injected subcutaneously. 



Temp, ol: aniimil. 



1^0, 1* 

No. 2. 


before iniK-t-ion. . 

103 -sr F. 

104 '6'’. F. 


After ijijfcl ii)n — 

5 rniii. 

• • 

• • 

Ko. 1 was almost motionless, land 
wtis rolled in cotton^ wadding. 


, , 

-• • 

No. 2 w'jis left uncovered. 

27 min. 

99*7 

101*6 


1 hr. 20 min. 

f«) 0 

92 6 


1 lir. 10 min. 

95 *2 

91 0 


2 hr. 83 min. 

1 

1 

94 *3 

about 80^ 

The graduation of the thermometer 
fdd not extend so low as 80°, and 
the tempera! lire was calculated 
a|»proximHtel;y, or guessed, by the 
lu ijiht of the mercury. 

2 hr. 57 min. 

93*8 

• • 

The legs of No. 2 are shivering. 

4 hr. 0 min. 

87 *3 


4 hr. 42 min. 

5 hr. 27 min. 

88*4 

88 *8 

• • 

No 1 was now dejn’ived of its 
covering. Itshivorefl and grunted 
but lay in whatever position it 
was put, and was still completely 
narcotised. 

5 hr. 42 min. 

• • 

• • 

No. 1 aw'alrened. 

No. 2 remained as before, motion- 
less, except Jbr the .'*luvering. 

6 hr. 52 min. 

95 *8 

• • 

It did not recover, and died some 
little time afterwards. 

1 


Expt. 11. Into two guine.a-pigs. No. 1 "weighing 655 gramme 
and No. 2 weighing 670 grammes. Id c.c. of 50 per cent, solu* . 
tipn of chloral hydrate was injected. 
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No. 1. 

1 

• : No,. 2. 



Temp. 

Reap. 

Temp. 

Reap. 


After injection — 

7 mill. 

102 -4° 

101 '8 

89 

101" 

• • 

Both animals nearly narco- 

1 hr. E3 min. 

2 hr. 7 mil). 

2 hr. 20 min. 

102 f) 
102-4 

78 

50 

91 *8 

24 

tised. 

No. 1 put into a warm- air 
batli. 

No. 2 allowed to lie without 
cover. 

K iclcs viporoiisly when pinclied. 

2 hr. 34 min. 

8 hr, 0 min. 

98-8 

• « 

iibt. 87 

J2 

13 

Hues not kick when pinched. 
No. 1 is now awake. 

24 hr, 0 min. 

1 

■ 



i 

i 

ic iipLTMture <»t‘ No. 2 cannot 
be taken or estimated, as it 
is so low that tlie mercury 
does not rise from the bulb 
of the thennorneter. No ro- 
spimtion is visible, but occa- 
sionally the animal opens 
its mouth convulsively. No 
reflex. It was put in the 
warm bath, but respiration 
dill not become re-estab- 
lished, and all signs of life 
shortly disappeared. 


Expt. III. Into a ^niiiiea-pig, No. 1, weighing 272 grammes, 
was injectod 0*65 c.c, of a 50 per cent, sointion of hydiate of 
chloral. Into another, No. 2, weighing IloO grammes, the same 
quantity of the soliiticu was also injected. 
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• 

No 

1 

. 1. 

Ko. 2. 


• 1 

Temp. 

llesp. 

Temp. 

■Resp. 


1 

At injecHon 

Alttr injection 

7 uiin. 

100 -9° 

ft ft 

•• 

100‘8'^i 

ft ft 

• • 

No. 1 fast asleep. It wa.«3 put 

12 min. 

ft ft 


• ft 

ft • 

into a warm-air bath. No, 2 
not quite asleep. 

No. 2 iiearjj (]uit6 asleep. 

20 min. 



93*1 

40 

Lies as it is placed. Reflex 
niovemoiits are slight. 

50 inin. 

1 hr. 20 min. 

110^*0 

(5i 


23 

Shivers verr much with ex- 

2 hr. 4 min. 

i 

102 

104 

iihnut 

89*5 

30 

piiMtion, so that the respim- 
lions are difficult to eount. 
Grunts slightly wlien the 
thermometer is introduced 
into t he roctum. 
llotn animals are oho wing. 

2 hr. 3S min. 

101 *8 

. • 

88 *5 

. • 

No. 1 is awake. Thougli still 

4 hr. 6 min. 

ft ft 

• • 

Vo T» 

[ 

somewhat sleepy, it will no 
longer lie on its*^ hack. 

No. 2 erics when pinclicMl. It 
was ]nit into the warm bath. 
No. 2 is now awake. 


111 this experiment (No. Ill) the dose was small, and giiiiioa- 
pig No. 2 recovered, allliough it was not kept warm, but not till 
an liour and a lialf after No, 1, although the huter was the 
smaller animal, and the dose it received was therefore much 
greater in pro]>ortiori to its size. 

Expt. IV. Into each of three guinea-pigs 1*1 c.c. of 50 per 
cent, solution of hydrate of chloral was injected subcutaneously. 
No. 1 weighed 640 grammes. No, 2, G70 grammes, and No. 3, 
717 grammes. 
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No. 1 was pt^ at 
once into a hot-air 
bath after the in- 
jection. 

Islo. 2 , waa quite nar- 
cotised and was 
wmpiped in cotton- 
wool. 

No. 3 was narcotised 
Sind ivas left lying 
on table. 


Saliva runs from 
mouth. 


Begins to show signs 
of reflex when 
pinched. 

Is beginning to 
awake. 

No. 1 is dead, 
appeared to liave 
htid convuisions^ 
for some of the 
col toil- wool lining 
the batli was 
caught in its teeth. 

No. 3 is still alive. 
On pinching one 
hind foot he moves 
both it and the 
other one. Occa- 
sionally opens its 
mouth in a convul- 
sive manner and 
paws with its feet 
wliile it lies on its 
shle. It died a 
short while after. 


In this experiment the animal 2To. 1 died in consequence of 
too high a temperature of the bath. 
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Expfc. V. Into the flank of a guinea-pig, No. 1, weighing 392 
<traimaes/ was injected 0*76 c.c. of a 50 per cent, solution of 
chloral, and into the axilla of another. No. 2, weighing 336 
graipmes, 0*9 c.c. of the same solution. 



Temp, of animal. 



No. 1. 

No. 2. 


After injection — 

3 min. 


i 

No. 1 lies quite quiet. No. 2 put 
into a warm-air bath at 98*6°. 

5 min. 

98 -2 

98 *0 

12 min. 

, , 

98 ‘3 

No. 1 is dead. Tlie heart beat after 

2 hr. 26 min. 

«• 

111 -4 

the respiration stopped. 

The respirations of No. 2 became 
very rapid and deep after it was 
put in the air bath. 

No. 2 was heard to give a grunt, and 

m 



on taking it out almost immedi- 
ately niter it was found to be 
dead. 


Tlie dose was here either too large or the temperature of the 
bath rose too high. 

Kxpt. VL Into each of three guinea-pigs, No. 1 weigliing 
400 grammes, No. 2 weigliing 425 grammes, and No. 3 weighing 
415 grammes, 1*1 c.c, of a 50 per cent, solution of chloral hj^drate 
was injected subcutaneously. 
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■ ■ ^ 

% ■ 

' S'o 

3.- 

No. 3. 



Temp. 

Eesp. 

Temp. 

Reap. 

Temp. 

Reap. 


A minute or 
two after 

100^ 

90 

90 '4^ 

96 

100® 

84 


injectiofi , , 


•• 


•• 

•• 

•• 

Nor. 2 and 3 quite 
narcotued. 

5 ruin. 

• • 






Nil. 1 quite uareo- 
tiaed. 

No. 1 left eipoRod. 
No. 2 rolh'd up in 
cott-on w' add in IT, 

and No. 3 put into 
a \varm>aiir bath 
at 86®. 

31 min. 

• • 

about 

2C 


. • 


** 

No. 1 shows some 
rrflex a<*tiou of 
foot when it is 
pinelicti. 

1 hr. 13 min. 

2 hr. 15 niinj 

87 

13 

or; -8 

.. 

! 

30 I 

• • 


Eespinitionsof No.l 
a»‘e very deep. 

2 hr. 2(5 min. 
2 hr. 35 min. 

*? 

1 

8 

.. 

*• i 

I 105 -i 

90 


3 Ur. 35 miu. 

3 hr. 56 mi n , 

•• 

4 

03 G 

27 1 

i .. i 

• • 

Pulse of No. 1 is 8> 
per miiiuto. 

4 hr. 7 miu. 


•• 



102 •( 

04 ; 

No. 3 grunts when 
pin.flied. 

4 hr. IC min. 


, , 

. , ' 


• • 

. . 

No. 1 is deaH. 

e hr. 45 mill. 


« • 

02-5 

30 

. , 

. . 

No. 3 is awahing. 

6 hr. 6(5 min, 

10 hr. 0 min. 


• • 

S’* 0 

3i 

103 -t 

* • 

No. 3 is running 
about. 

2y hr. 30 min. 



OJ 0 




N'>. 2 has just been 
delivered of a 
Toung one, which 
is tU'ad. 

No. 2 can run about. 

22 hr. 0 min. 

i 

1 

■ • 

’ * 

• • 

• • 

• • 

No. 2 seems quite 
well; eats Uejirtily. 


This exixtrimeut shows the elicct of wanntli in preveiitinj; 
death, and the rapidity of recover}' when the animal is put in a 
warm bath, compared witli that Avhich it makes wlien eiieasoJ 
in cotton-wool. 

All these experiments were made in August, 1870, in the 
laboratory of my friend, l)i% Burden Sanderson, and I gladly 
take this opportunity of returning liim my most hearty thaiika 
for the facilities and aid he afforded, and the kindness which 
he then aiid ever has sho’iYii me. 



INFLUENCE OF TEMPEBATUEE ON THE 
PULSATIONS OF THE MAMMALIAN HEART 
and on THE ACTION OF THE VAGUS. 

(Beprintcd from St, Bartholomew'* Jlonpital JieporU, vol. ■vii, 1871, 
pp. 21610 223.) 

The influence of warmth in quickenin" the pulse has been 
long known, but the hypothesis put forward by Budge,* and 
again by Liebermeister.f that the quickness of the pulse in 
fever is due to the increased temperature of the body, gives 
it an interest to physicians which it would not otherwise possess. 
This hypothesis is grounded on the fact that increased tem- 
perature, within certain linnts, causes the hearts of frogs and 
mammals to beat more quickly, both wlien they are in the laxly 
and after they have been separated from it. This has been 
^observed in the frog’s heart by Humboldt, J l’ickford,§ WeberJl 
Budge, If Tigger,** Panum.ft Calliburces,+t Sclielske,§§ and by 
Cyon,|j|| in Ludwig’s laboratory. As the experiments of the 
last-mentioned observer were more complete and extended than 
those of the others, I shall give the results which he obtained. 
His experiments were performed by removing the heart 
entirely from the body of the frog, fdling it with serum 
through the vena cava, and connecting the aorta with a 
manometer, by which the number and force of the pulsations 
coidd be measured and registered. The heart was then enclosed 
in a vessel whose temperature conld be altered at wilL Any 

• Budge, quoted by Pannm. 

t Liebeimeister, Deufich. Areh. f. klin. Med., vol. i, 404. 

* Quoted by I’auuin. 

§ Piukford, Uenie u. Pf. Zeitsch., vol. xi, 2, 1851. 

II Webor, quoted by Paniim. 

% Budge, Arch. f. pkt)*. lleilk, vol. v, 50.'. 

** Tigger, 2}i**eriatio», 1853, quoted by Panum. 

tt Panam, Bibliotkekjtr LSger, Bd. x, p. 46, and Sebmidt’a Jahrh,, 1858. 

JI CalUburces, Qat. held., 1867, p. 468. 

IS Bebelske, Veber die VerUnderung der Brregbarkeit dutch die WSrme, I 860 . 

lill Cyon, Ludwig’ e Arbeiten, 1866. 
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ohango in the number of the heart-beats which was produced 
by an alteration of temperature was of course due tC its action 
on the nerv'es or muscular substance of the heart itself, as it 
had been severed from all connection with other structures. 
In tliis way he found that it is only within a certain limited 
range of temperature that the frog’s heart pulsates at all,gthe 
lower limit being from 32° to 28‘8° F., and the upper one 
between 80° and 104° F., the limits varying somewliat with 
each individual heart. When it is cooled down, its beats become 
slower and slower till it reaches the lower limit, and then they 
stop altogether. When it is slowly warmed, they become 
quicker and quicker till they leacli their maximum rapidity, 
witliin a few degrees of the upper limit. They tlien hccome 
slower and slower, and finally stop Mdien the limit itself is 
reached. During the time the heart is being warmed, the 
number of its beats does not steadily increase throughout in 
the same proportion to tlie rise of temperature. From tlio 
lower limit the number of heats increases at first very slowly, 
arid then more and more quickly for each iucremeiit of tem])cra-*^ 
ture, till the maximum rapidity is attained, and then, with each 
degree of rise in tire tcnr|)erature, the pulsations diminish in 
number, rapidly though irregularly, and soon cease. In the 
two or three degrees which precede complete stillstand the 
beats become not only slow but irregular, so tliat almost no two 
intervals between them are of the same length. 

At the under limit of temperature the heart contracts only 
to jf small extent, but a few degrees above it the uraximum 
amount of contraction is reached, and this amount continues 
the same up to from 57'2° to 66 2° F., when the contractions 
again begin to got smaller and smaller, 

.Just before it is stopped altogether by the heat, the ventricle 
no longer contracts as a whole, but does so in a peristaltic 
manner, so tliat it sometimes seems to be contracting vigor- 
ously, and yet not a drop of the fluid it contains is expelled, 
blit it is merely moved about from place to place in the 
ventricular cavity* one part expanding as another contracts, 
ve/rsd. 

■SVben the heart is beating regularly, at moderate tempera- 
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ON tHE HEART AND VAGUS IN niOGS. 

'■•.nres, initstion of the venous sinns causes^ cessation of the 
beats; but during stillstand from cold, each irritation of it 
produces a single contraction, and during stillstand from heat 
produces tetanus of the heart. The inhibitory centres through 
which the irritation of the sinus acts, at ordinary temperatures 
in ;^oduciug slowing and stoppage of the heart, seem there- 
fore to be completely paralysed by heat, as otherwise they 
would, prevent the contraction from becoming tetanic, and 
would only allow it to be intermittent. 

Sch.el she also found that if the vagus, which usually causes 
slowing, be irritated by a strong electric cniTont, while the 
heart is in this condition of stillstand from heat, an undulating 
coutractioji is produced. 

This may be due, as Cyon thinks, to the cinrent being partly 
conducted to the heart, and irritating it directly ; but it seems 
to strengthen tlie supposition that the in!nl>itory centres itr 
tho heart, and through which the vagus usually produces slow- 
ing, are paralysed. 

Pick ford. Budge, Tigger, and Panum found that the hearts 
which were exposed to a high temperature soon ceased beating 
and lost their irritability, so that they no longer contx'acted on the 
application of a stimulus either mechanical or electrical, wliile 
those exposed to a moderate tempemture continued to beat, and 
retained their irritability for a very much longer time. 

Budge and Tigger had assumed that the action of tempera- 
ture ou the mammalian heart was the same as on that of the 
frog; but a.? Nysten had not noticed temperature to exert any 
particular influence over the time that the mammalian heart 
retained its irritability after separation from the body, while its 
action was so marked in frogs, Panum thought it well to test 
ibis assumption by experiment. 

He took three rabbits of exactly the same age, and as nearly 
as possible of the same size and strengtli, killed them by divid- 
ing the spinal cord in the neck, and at once removed the heart 
and lungs. These were then placed in vessels in which the air 
was kept moist so as to prevent the irritability of the heart 
being injui-ed by drying. The temperature in one vessel was 
42‘8° F,; in a second Gl*?” F., and in the third 91-4® F. The 
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hearfc which was j)|«t into tlie warmest vessel beat much more, i 
ra|)Wly,;and that in the coldest vessel more slowly, than the 
oiie : which was exposed to a moderate temperature. He also 
found, although Nysten had failed to observe it, that, juat as 
with the frog’s lieart, tlie rabbit’s heart which had been put in 
the w'arm vessel, and thus caused to beat more quickly, slopped 
pulsating and lost its irritability by tactile or electrical stimuli 
much sooner than that in the temperate one. The heart w|iich ^ 
was put in the cold vessel lost its irritability even sooner than 
that; which was warmed, or rather it seemed to lose it, for the 
irritability was not destroyed bnt was merely dormant, and 
when moderately warmed the heart again became irritable, and 
remained so for a considerable time. 

I have made several experiments on the effect of temperature 
on the rabbit’s heart while it still remained in the body, some- 
times leaving all its nervous connections untouched, and some- 
times dividing the vagi. Tlie.<e expeiimeiits were made by 
narcotising the animal with opium or cljloial, and laying it 
a tin vessel about 20 inches long by 6 inches broad, and 3 
inches deep in the inside, and well padded with cotton wool. 
The vessel was double, and by pouring hot water into it, the 
temperature of the rabbit was gradually raised. The belly of 
the animal was also covered with cotton wool, and sometimes 
with an iudia-rul)bcr bag containing hot water. To make 
respiration easier, a cannula was introduced into the trachea, 
and in some experiments the inspired air was passed over warm 
wjfter, so as to warm it and saturate it with moisture and lessen 
the loss of heat from the lung.s. The pulsations of the heart 
were counted by pu.shing a fine needle through the thoracic walls 
into the heart, so that it vibrated with each pulsation, and con- 
necting its outer end, by means of a fine thread, with the lever 
of one of Marey’s cardiographs, which registered the beats on a 
revolving cylinder covered with smoked paper. (Vid^ p. 294) 
By means of this arrangement, which I owe to Professor 
Strieker of Vienna, it is possible to count the pulsations witli 
great exactitude, even when the heart is beating at the rate of 
470 ip a minute, as it did in one instance. The temperature 
was measured by a thermometer in the rectum. As the animals 



£l¥ii OF TFKPERATOnK. 209 

f TFMe cbm)Eiietely napBOtiscd, and remained perfectly motionless, 
the thermometer rbtnained undisplaced in the rectum from the 
bemnnmg to the end of the experiments. 

Th§ results are shown in the following table 


■ ^ 

Tempera- 

FulsaUons in 15 Seconds. 

ture. 

Ko. of Experiment. 


m 

u. 


IV. 

V. 

VI. 

vn. 

Vlll. 






vagus cut. 


vagus cut. 


90® F. 


■ 


78 

• • 


98 


10.) 


B~fl 

B|B 

71 

« « 

78 



lul 

B 

B H 

B|B 

73 

• • 

81 



102 

B~^l 

B~^l 

Bl^l 

78 

a • 

86 

83 

82 

10.3 

B 

B S 


77 

78 

87 

84 

83 

104 

B H 

B H 


82 

81 

89 

87 

89 

ion 

• * 


85 

85 

85 

m 

01 

IIH 

100 

• « 


• • 

89 

87 

58 

91 

103 

107 

m • 


88 

91 

88 

• • 

97 

91 

108 

« • 


, , 

94 

90 

* • 

97 

89 

♦ ICO 



97 

96 

• • 

* • 

101 

102 

110 

• • 


97 

97 


• • 

110 

102 

111. 

• • 


101 

102 


» • 

108 

106 

112 

* a 


99 

« * 

• • 

* • 

109 

lOi 

11.3 

• • 


85 

• • 

• • 


90 

112 

114 

a • 


, « 

• • 

« • 

« . 

4 , 

17 

115 









IIG 










From this table it will be scon tJmt the heart beats more 
quickly as the temperature of the animal rises, till it reaches 
its maximum, and then becomes slower, and finally stops. The 
increase in the number of beats is not the same for each degree 
of rise in the temperature, and the number of beats at the same 
temperature, and also the amount of quickening for each degree 
of rise of temperature, differs in the different animals. 

The upper limit of which the heart stands still varies in 
•lificrent animals, but in the stronger animals it is between 
IM and 114° F., or even above it. It must be remembered, 
however, that this was the temperature of the rectum, and as 
the back of the animal lay on the warm cotton wool covering 
the tin vessel, and its belly was covered with cotton w'ool' as 
well, while the thorax not covered, so as not to interfere 
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with the worhinff of the caraiac needle, it is probable that the 
temperature in the rectum was higher than in the thorax, _ In 
Experiment VIII the heart became markedly irregxaar just 

^°The effect^of increased temperature on the pulse of healthy 
men has been studied by Lemonnier, Curne, Bartels, Lieber- 
meister,* and others, and they all agree that the pulse rises 

'’"‘'^^From aranllyrof 280 cases, Liebermeister found that the 
pulse became quick as the temperature rose, “Hhough the 
amount of quickening was not the same for each degree o 
increase. The regularity of the quickening um ho'vevor, ^ui^ 
ns gi-eat as that which I have found m rabbits, as is c%ile t 
from the numbers which he gives, and which I append here : 

Temperature 98-6“ F. 99-5 lOO'A 10V3 102-2 1031 104 104-9 105 8 lOB-7 107-6 

’^“^*!78-6 8-t-l 91-2 94-7 99 8 102-.n08-5 109-4 110 118-6 137-5 

’"FfhVt 5-5 7-1 3-5 6-1 2 7 6- -9 -6 8-6 18-9^* 

We see then that the number of pulsations increases with 

the temperature in the hearts of frogs and 

exercised and when in the body; that it does so in healthy men. 

and also in exactly the same way in a fever patient. 

In view of all these facts, even although we find so high an 
authority as Wnndcrlicht slating that it is by no means cer- 
tainly shown that the cardiac contractions are determined by 
the temperature, it seems to me that we can haruly avoid th 
conclusion that the quickness of the pulse in fever is mam y 
.due to the higher temperature of the heart. 

• . Another question, however, now anses. Although e 

higher temperature be the chief, is it the only cause of the 

that the rise of temperature can V 
occasionally observed to precede the rise of the pulse, but 
^»licb states, on the other hand, that it is more coW 
* to iBpd that the the pulse have slightly pr 

• laebAmeisteir, JDeuiteh ^ f 

f^lVandfitliiiKMeiiealThermomari/,SyA.9o<}*Ti^ 
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INACTION OF DIGITALIS IN PNEUMONIA, 
the alteration of temperature, and, as it were, announced the 

occurrence of the latter. 

Herfe, then, at the very beginning of fever, we have a quick- 
ening* of the pulse which cannot be due to temperature. It 
might be ])roduced by stimulation of the motor ganglia in the 
heart itself by some cause yet unknown, by stimulation of 
the (piickeniiig centres in the brain and cord, or by dimi- 
nution of the power of the vagus, either through some impres- 
sion made directly on the brain, or indirectly through some 
change occurring in the arteries and altering the blood pres- 
sure. Tlie first cause seems very unlikely, and it is more 
probably due to either tlie second or third, but this must be 
decided by future investigations. On this point I have made 
no experinients, my attention having been attracted rather to 
the effect which high tem{)eratiircs in fever would have upon 
the vagus, and to the way in which this might modify the 
action of tlie remedies then employed. 

♦ Thomas^ found tliat digitalis sometimes had no action on the 
pulse when given in pneumonia, and as digitalis acts chiefly 
through the vagus it seemed to mo possible that its want of 
action miglit be duo to paralysis of the inhibitory apparatus in 
the heart through which the vagus acts upon it. 

This appeared all the more probable since Schelske and 
Cyon had found that a high temperature paralysed it in 
the heart of the frog, and the rapid increase in the pulsations 
notU',e<l by Iwiebenneister between the temperatures of 105*8° 
and F., seemed to indicate that the same thing occurred 
in the manimalian heart. In order to test the truth of tluS: 
supposition, I performed the Experiments I, III, IV, V, aiid 
VI 11, which are given in detail below. 

The animals w'cre narcotised, the vagi exposed, and their 
power tested by irritating them by an induced current from one 
of Du Bois Eeymoud's coils. The temperature of the animal 
was then raised, and the power of the vagus tested from time 
to time with a current of the same strength as that used at first. 
Iroiu these experiments, and especially from No. VIII, it will 
be seen that as the temperature was raised and the pulse quick- 
* Tkomaa, vi, 4, p. 320, 

P 2 
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ened the power of the vagus diminished; but when the tem^ 
perature had risen nearly to the upper limit, and the pulsations 
were becoming slow, tlie power of the vagus again iiifereased, 
and, contrary to my expectation, was strongly marked just 
before the heart ceased to beat. Few as these experiments are, 
the results are so definite that we may, I think, conclude that 
in the heart of the rabbit, and probably other mammalian 
hearts, a temperature sufficiently high to produce stoppage of 
the heart does not paralyse the vagus or the inhibitory appa- 
ratus through which it acts. It is possible that a longer 
exposure to a high temperature, such as occurs in fevers, may 
produce this result; but it seems probable that it is not so, 
and that if digitalis, or other similar drugs, should not act on 
the pulse during fever, we must seek for some other explanation 
of their failure than paralysis of the structures through which 
they act. Unfortunately I did not carefully look for clots in 
the vessels after death ; but on dividing the carotids and jugulars 
the atiimals bled freely, and in one which I examined no tradfe 
of .a clot could be found in the heart or vena cava. I am inclined, 
therefore, to reject Weikart’s* hypothesis that death from heat 
■ is due- to coagulation of blood in the vessels, and rather to look 
on the impairment of the muscular power of the heart by the 
heat, possibly from coagulation of the myosin in its muscular 
substance, as the cause of death, as suggested by Bernard, f and 
to i-egard the rapid loss of irritability, noticed by Panum, in the 
heart exposed to a high temperature, and therefore beating 

E * ’y, as an indication of the great importance of, keeping 
the tompei’ature and pulse-rate in fever patients by every 
in our power. 

gladly take this opportunity of expressing my thanks to 
Professor Burden Sanderson for the kindness with which ho 
placed his apparatus at my disposal and allowed me the use of 
his laboratory in which the greater number of my experiments 
were performed. 

Ua^nment I. — -A young rabbit w’as fastened in the apparatus 
and narcotised by the injection of I4 cub. cent, of laudanunt 

• p. 103, 18f 8. 

t Btrnarti, Compte-rend, de la Soc, de p. 51, 1S5&. 
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into the j«g»Oor vein. A cannula was then put into the trachea, 
and a thread passed under the right vagus. The temperature 
in the^ectum was 94-8'^ F. Hot water was then poured into 
the apparatus ; an india-rubber bottle containing hot water was 
placed, on the belly, and the cannula in the trachea was cou- 
nec^pd with a flask containing warm water, so that the inspired 
air should be warm and moist. The temperature gradually 
rose, and the power of the vagus over the heart was tested by 
irritating it from time to time. 

Tf^nip. 105*2® F. Irritation of ragus stops the heart. 

106 „ fp acts> but rot so etronglj. 

109*2 M 19 causes sloNV'ing, but no stoppage. 

115 91 ft >t »> ti ff 

The pulse became slow and weak, and the animal was removed 
and put under a tap of cold water, but its pulsation.s were not 
restored. On ijost-mortem examination the venous system was 
found much congested. 

^ Experiment II . — A rabbjt, weighing about 34 lbs., was narco- 
tised by injecting a solution of chloral subcutaneously. An 
liour and a half after it was put in the apparatus, a cannula put 
in the trachea, and a thread passed under the right vagus ; but 
the nerve was not cut. Temperature in rectum 100'2° F. Hot 
water was ^wured into the apparatus, and the inspired air passed 
over hot water. The temperature sank to 100° F. ; it thou 
began to rise, but the animal died before it rose much above 
104° F. 

Experiment III. — k young rabbit, weighing about 3 lbs., was 
narcotised by the subcutaneous injection of about 30 grs«j^f 
cldoral. It was fastened in the apparatus ; a fine needlp^S^ 
thrust into the heart, and connected with one of Marey’s cki^^ 
graphic levers. The needle was removed at the end of ei^M 


tracing. Cannula in trachea. 

Tomp. Pulso in 15". 
85 

Bight Tagus irritated 6 

85 

103 6® F 85 

BigUtTogus irritated 5 

82 ■■ ■ 

105-4 85 
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Tcinp. Pulse id 15". 

Bight vagu$im^atod 84 


dl 


A piece of wood had been placed under it 
tho preTious time to isolate it, and not removed, 
so it was probably weakened by exposure to air. 



107*2 

, 88 

Bigbt vagus irritated 


, 28 * 



94. 


109 

, 97 

Bight Tagus irritated 


. 88 



99 

Bight Tagus irritated • • 

109-2 

» 26 


no 

» 97 

Bight Tagus irritated .•••••••••*•• • 


» 34. 



99 



101 

Bight Tagus irritated 

111*2 

. 43 



103 


112*2 

. 99 

Bight Tagus irritated • 


. 33 



103 


113 *2 .•••.< 

a 85 

HeaH has almost ceased to beat •• •• 

113*6 

Vi 

Eespiration had entirely ceased. 

Artificial respiration was 

tried, but it did not stimulate the 

heart in the 

least The 

tracheal cannula was found to be full of moisture. 

The animal 


was allowed to lie in the apparatus. 

The heart stopped at 5 h. 8 is. r.M. Temp. 113 ‘C’ P> 



»9 

99 

99 

8 

99 

99 

134*6 


19 

9* 

99 

11 

99 

99 

115 

« 

»9 

99 

99 

20 

99 

99 

115 *3 


99 

99 

99 

du 

99 

99 

116-4 


The animal was now removed from the apparatus. In taking 
off the head-holder, the animal’s jaws were found to be so firmly 
locked together that it was with considerable difficulty that the 
bar of the holder could ho removed from between the teetlu 
Gn opening the abdomen tlie muscular walls wore found to be 
somewhat congested ; the viscera were, rather pale. Behind the 
right kidney, in the cellular tissue, over the psoas muscle, there 
was an extrava^tion of blo(^, about 2 inches long by about 
I an inch broad. Lungs natural Left ventricle was firmly 
contracted ; right ventricle nearly empty. The left ventricle 
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vras quite hard, and the septum seemed to have contracted so 
fiimly that the apex of the heart had a cleft appearance. Both 
auricle§ were moderately filled; the bladder contained a good 
deal of urine. During the experiments the muscles of the neck 
seemed somewhat oedematous. 

JEkperiment IV . — A young rabbit was narcotised by the sub- 
cutaneous injection of chloral. The amount seemed insufficient ; 
and after the animal was placed in the apparatus, the right 
jugular was exposed for the purpose of injecting some into it 
The vein had several irregular branches, one of which w'as un- 
fortunately wounded, and the animal lost some blood. The vein 
was then tied, and the choral injected into the carotid artery. 
No cannula was placed in the trachea. A thread was passed 
under the right vagus, but it was not cut No hot-water 
bottle was placed on the abdomen, but only a piece of cotton 


RigM raguB irritated •••••••< 

Temp, 

False. 

70 

30 

7 seconds after 


72 



72 

Yagas irritated ««••••••••••< 


13 


or F 

76 


100 

71 


101 

73 


102 

76 


103 

77 


104-2 

83 


105 

85 


106 

89 


107 

91 


108 

94 


loy 

96 


no 

97 


m 

102 


111-5 

1(‘2 

Vftgus irritated •«••••••••••, 


37 


The animal now awoke, so I removed it from the apparatus 
and administered a fresh dose of chloial. Unfortunaely, how- 
ever, I injected it into the abdominal cavity, and the rabbit died 
in a few minutes. 

llxpenmnt V.—A rabbit was chloralised and 2 >laced in the 
apparatus, a cannula put in the trachea, and both vagi exposed. 
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Temp. 103 i>® F, 

Bight Tagus cut ••••••.«•*••*• 102 *0 . • • • » 

T^ft ragits eat .«•••• 102 ‘6 

Kight irritated 

Afterwards * • « ' • • • • 

7>cft r igus irritate I 

71'' ofterwards 

3’omperature rising rapidly, about 

0*3® in a minute 103 *3-103 *8 

104 *5-1 04 -8 


Pulse 78 
► 79 

. .. 80 



26 

78 


78 

81 


105 *5' 105 -8 85 

106*5-106*7 87 

107*5-107*6 88 

103 *5-103 *6 90 

IJoart suddenly became slow and 

weak lOD *2 stopped 


Ex^periment VL — A young rabbit, weighing about 1^ lbs., was 
narcotised by the injection of 4 c.c. of 50 per cent, chloral solu- 
tion under the skin of the flank. Shortly after it was i)laced 
in the apparatus the respiration stopped, but the carotids were 
seen vigorously pulsating. The trachea was quickly opened, 
a cannula inserted, and artificial respiration begun. The heart? 
Avhich had begun to get weak, soon pulsated normally again. 
A thread was passed under the right vagus, but it was not cut 


Temp. 104 *4® F Pulse 82 

100 *1 78 

101-101*2 81 

102 - 102*2 86 

103-103*1 87 

103*5-103*8. 87 

104 89 

105 86 

306 5S 

106*2 42 

Began artificial respiration .. 106*2 64 


Eespiration began to go on again naturally, but soon stop];>ed ; 
and on again beginning artificial respiration the animal diil not 
recover. On post-mortem examination, blood was found to have 
extravasated into the pericardium from the heart. 

Experivieni VI L — A young rabbit, weighing about 1| lb., 
was narcotised by injecting 3 c.c. of a 50 per cent, chloral 
solution subcutaneously. An hour afterwards a cannula was 
introduced into the trachea. 
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Temp. 99 * F. • . Pulse 76 

99 *5 73 

Both Tagi cut. • « • • 99 *5 • • • • • 98 

Animal was now Trarm&d. • . • 102 *4 • • • . 83 

103 84 

104 87 

105 91 

106 91 

1C7 97 

107*6 97 

108- 108 -2 97 

109 101 

109- 5-109 7 102 

110- 3-110*4 110 

111- 111 -1 108 

11 1 *6-11 1*7 107 

112-112-1 109 

112-5-112 -7 106 

113 90 

113 *2 35 

113 *5 18 

113 *8 10 


• The beats of the heart now became imperceptible. The 
thorax was quickly opened, and the heart seen to be at rest 
and modeiately contracted. On irritating the left vagus in the 
neck by a strong induced curient a slight undulating contrac-- 
tion began iu the heart and lasted for a few seconds. After 
stopping, it was agt'^in excited by direct irritation of the heart. 
After stoj>piiig a second time, it could not be excited to move 
by irritating either vagus, but slight movement occurred on 
irritating the) heart directly. The abdominal parietes were 
slightly, but the viscera were not, congested. The blood was 
tluicl. 

ExioeHment VIII , — A strong rabbit, weighing between 3 and 
4 lbs., was narcotisctl by the suhcntaiicous injection of 5 c.c. of 
a 50 per cent, solution of chloral. Three-quarters of an hour 
afterwards a cannula was placed in the trachea, and a thread 
passed under each vagus, great care being taken to injure the 
nerve as little as possible. 
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Temp. 100-9® F. Pulse 76. 

Bight vagus irritatod. The secondarj coil had 
been placed by mistake over the primary one, 
andconrulsivemovementof the thorax occurred, ^ 

which obscured tlie pulse. It was then pushed c 

back 120 mm.- during the irritation, but the 
movements still continued 

After irritation * 78 

Left vagus irritated.' Slowing and stillstand 
of heart, and irregular contnvetions of the thorax 
occurred. 

Right vagua again irritatodi Similar result 
as before. 


Afterwards 77 

Left vagus irritated 29 

Afterwards 79 

Bight vagus irritated j distance of secondary 

coil 100 mm stillstaud 

Afterwards 79 

Left vagus irritated j distance of coil 100 mm. stillstand 

In ^ of a minute it was again pei^cctly re* 
gular. 

102 82 

103 83 

104r-104-4i 89 

105*-105-5 118 

106 103 

107 91 

108 89 

109 102 

no 102 

Left vagus irritated j distance of coil 100 mm 40 

In 3 seconds after 102 

Left vagus again irritated 38 

♦In 7i ceconds after 106 

Pulsations are now very small 113 112 

Left vagus irritated 22 

15 seconds after 108 

113^4 106 

113*5 87 

Left Tagus irritated / shmM and 

X stillstand 

Convulsive movement of the thorax occurred, 
and lasted nearly i a minute. The pulse then 

became regular a. 82 

It continued so for 35 seconds, and then sud- 
denly fell to .......a,....,,, .... 30 


114*4 17 

The pulse now became irregular, 4 beats oc. 
oiorring together iu ono second, followed by a 
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Tomp. 100*9® F. 

pause of another second, and then 3 or 4 beats 
occurring together again. 

, 114*5 

Left^agus irritated .« 

Afterwards 

The beats now became slow and almost imper- 
oeptil^le 114*8 ..•••• 


Pulse 76* 


. 14i 

stil) stand 
. 18 

stopped 


The thorax was quickly opened. The heart was still. On 
irritating the left vagus in the neck by a strong induced cur- 
rent, a slight vermicular movement occurred in the heart. 
After stopping it could be again excited by direct irritation of 
the heart. 

The viscera were not congested ; there was no extiavasation; 
tlie blood was ihiid ; and there vras no trace of a clot in the 
liearti or vena cava. 



EXPERIMENTAL INVESTIGATION OF THE 
ACTION OF MEDICINES. 

(Reprinted from The British Medical Journal^ 1871, 1S72, and 3875.) 

1. — The Standard of Health. 

Briil^h Medical Journal, 1S71, April 22nd, p. 413, and A] r il 29t.h, p. 439. 

Modes of f nve.'iti ^a^ion. — Pathology. — Pharmaeology. — T.ifo.—r onditions of 
Health and Disease. — Ertectof Drugs. — Direct and IndircMjt Aetijn. — Local 
and Remote .'Vetivxn. — Dose. — Modification of Dose — (.’umulative Action.— 
Effect of Habit, Climate, Fasting. — Form of Adininistration.— Effect of 
l arge and S'luii'l Do.ses. — Homcropathy. — ^Vvostitufion and Idiosyncrasy.— 
Explanation of these from Experiments on Animals.— CoiiiKietion of 
Chemical Constitution and Physiological Action, 

The usual mode of investigating the action of a remedy is to 
give it to a patient during an illness and observe wliat changes 
occur in the symptoms after its administration. l>ut it not 
iinfrequently happens that medicines are given without any 
distinct change in tlio symptoms ensuing. Even wlieu one does 
take place, we very often cannot bo sure that it is due to the 
medicine, and not to tlie course of the disease or some other 
modifying cause. Eor, if the remedy and tlie disease are both 
at work together, it i.s obviously impossible for us to decide 
what part of the result is due to the one and what part to the 
oUier, unless we know wdiat the course of the disease would 
have been without the medicine, and what action the medicine 
would have had if the disease had not l>ecu presemt. Any 
attempt to investigate the action of a remedy by giving it under 
such circumBtariees is like that of a riHeinan who should 
attempt to learn sliooting by practising only at dusk, m Iiou he 
could not see the butt, much less tlie bulTs eye. He might go 
on practising forever in this way without making any improve- 
ment ; for, when he misse<l, he would never know whether it 
was because he had not seen the mark properly or had not 
aihvcd steadily at it. If he wish to learn, he must practise by 
daylight, when he can clearly see the mark, and can thus l)e 
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Bui’e that every inis8 is due to unsteady aim. He must fire 
higii or low, to one side or the other, as he finds necessary, and, 
by gradjially correcting every error, his aim will at last be sure. 
Should he then be called on to stand sentry on some dark night, 
and shoot at some suspicious object without Jjitting it, he would 
knov* tliat lus failure was due to his not having seen the object 
distinctly, and having consotjneutly aimed in a wrong direction. 
And just as the rifieman, before he stands sentiy in the dark, 
must learn to shoot by daylight, when he can note the effect of 
each alteration in the position of his rifle on the course of the 
bullet, so ought we to investigate the action of our remedies in 
circumstances and under conditions which we know and can 
vary at will, marking the effect of each variation upon their 
action till we thoroughly and exactly understand wliat it is, 
before we proceed to give them in disease, when not only the 
conditions under wliich they operate are at present iu a gieat 
measure unknown, but the effects they produce cannot be 
tl^jjfinitely ascertained from insufficient knowledge of what the 
result would have been had they been withheld. Of late years, 
it is true, vigorous efforts have la o i made to determine what 
course diseases run when not interfered with by medicines ; 
and, although it is often difficidt to say what the seqvience of 
sjunptoms will be in any particular case, depending as it does 
not only on the general course of the disease but on individual 
peculiarities of tlie patient and on the varying circutiKstauces 
in which he is jdaced, we may nevertheless ascertain with 
tolerable accuracy whether or not our treatment is beneficial iu 
a general way, even when we cannot determine its effects in 
detail. 

Very inexact and very unsatisfactory as such a knowledge of 
medicines as this necessarily is, it must for the present be our 
guide in practice in a large number of instances ; and our treat- 
ment at present and for some time to come will be chiefly em- 
pirical, because our knowledge of pharmacology, and perhaps 
still more of pathology, is not yet sufficiently advanced. For 
there is hardly any disease in which we know the exact natiire 
of the morbid changes which are occurring, or the precise organs 
or tissuec which are their seats ; and, with some exceptions, we 
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are but very imperfectly acquainted with the structures on which 
our remedies act, and the exact mode in which these are affected 
by them. Day by day, however, our ignomnce is diminishing ; 
and we may hope that ere long lutional treatment will to h great 
extent supersede blind empiricism. It not unfrequently hap- 
pens at jirescnt that we meet with a case which bears a^ery 
close resemblance to others which we have treated successfully, 
and which nevertheless obstinately resists the remedies which 
we had previously found serviceable. Our failure astonishes 
and vexes us ; but w’e are ignorant of its cause, and we can only 
select some other drug by guess and try it: we cannot at once 
choose the one whicli will have the desired effect. 

Pathology . — In order to choose a drug which will have the 
effect that we desire to obtain, we must know where the morbid 
changes are taking place, and what their nature is ; and we 
must be sure that our medicine will acton tho affected part, and 
in such a way as to counteract the disease. We must trace every 
symptom which we see, hack to its unseen source ; every finch 
on the cheek, every quickening of the pulse, back to the vaso- 
motor or cardiac nerves, wliich have allowed the capillaries to 
liecome dihated, and thus produced the redness, or have per- 
mitted the heart to beat more rapidly than its wont. We must 
then inquire what has produced this alteration in the nervous 
system, and so on, till at last we discover, if possible, the hidden 
•capse of the mischief. We will then give that remedy which 
will act in the proper way on the part which we believe to be 
the seat of the morlud process ; and, if the expected result does 
not <!nsue, we shall, at any rate, have discovered what the 
?i|»atliology of the disease is not ; and, by trying a remedy which 
f 'will' in a diflereut way or on a different structure, we may 
ifind put what it really is. 

' ^TVheii I speak of the patholc^y of a disease, I do not mean 
those obvious alterations in the structure of an oigan vrhich we 
meet with in post mortem examinations, but the so-called func- 
tional changes which precede and are the cause of both theih 
and the symptoms. For example, the disorganisation of a man’s 
liver by the presence of an abscess, or of his kidneys bj^ fatty 
<legeneration, is not the disease from which he suffered, any 
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more than a field strewn with- slain or crowded with heaps of 
wounded is a battle. The disease was the alteration in tho 
nervous and vascular systems, and in the nutrition of tissues, 
whiclf we call the inflammatory process, and which produced 
the abscess and degeneration, and the disturbance of the same 
sys^ias. to which these lesions in their turn give rise ; just as 
an army niay not only lose tlie battle for want of tho assistance 
, which its slain and wounded would have given, but its retreat 
may bo embarrassed by their presence. 

The insufficiency of present modes of treatment, and the 
urgent necessity which exists for an accurate knowledge of 
patliolngy and pharmacology, arc shown by the manner in which 
any new remedy is seized u))on and applied in all sorts of cases, 
even in those where a knowledge of the morbid prtwesses going 
on, and of the action of the remedy itself would at once have 
indicated that harm, and not Ixmefit, uiust ensue flora its appli- 
cation. It is unnecessary to discuss here the manner in which 
pathology must be studied in order that an accurate knowledge 
of it may bo obtained : I may merely indicate as examples tho 
works of Cohnheim, Brown-Sdquard, Sanderson, Stockvis, 
Strieker, and many others. 

PiMrmewology . — In studying pharmacology, our first object is 
to find out on what structures a remedy acts. For this purpose, 
it is of no use to give it to a man either sick or well. We may 
do so in order to find out what general symptoms it produces ; 
and from these symptoms we may guess at the structures 
affected ; but, in order to convert our hypothesis into certainty, 
we must have recourse to an experiment which may be of two 
kinds. Firstly, we may apply the drug to those stniclnres or 
organs which we suppose to be affected by it, and to them alone, 
and see whether the general result is the same. This we 
generally do either by immersing them in a solution of it, or by 
causing blood containing it to circulate through them. 

Secondly, we may prevent the drug from reaching these 
tissues or organs while it is applied to all other parts of the 
body, and observe whether the effect is absent. For this pur- 
pose, wc cut off from one or other parts of the body the supply 
of blood which carries the drug along with it, or we may so 
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injure tlie part that its function is abolished, and 
exerted upon it can produce any effect. But it is impossible to 
do this in man, and so we must have recourse to the lower 
animals, in which we can produce at will tlm conditions 
we desire. Althougli the administration of a medicine to a 
patient is really an experiment, we vary the condition! in 
which it acts to so much greater exteiit in animals tliat it is 
convenient to call tlie latter mode of investigation the experi- 
mental meiliod, and the former that of clinical obaervaiion. 

Now pathology and pharmacolc^y may go on liand in hand 
both in teaching and study, but they must always be preceded by 
physiology ; fo:‘, unless we know the processes which take place 
in the healthy organism, it is impossilde to understand the 
changes they undergo in disease, or the effect of drugs upon 
them. I will, therefore, here say a few words regarding the 
processes in which lifii consists, before proceeding to speak of 
the mode in which they may be modified by the action of 
remedies. # 

Life . — We meet with life only in certain bodies composed of 
carbon combined in a very complicated manner with oxygen, 
liydrogen, and iiitrogcm ; and it may, generally speaking, be said 
to be the power whicli these bodies possess of assimilating to 
themselves otlier substances, of decomposing them, and of 
evolving energy, which is shown in active motion, active 
growth, &c. Evolution of energy in this way is tlie distinguish- 
ing mark of life. When we look at a grain of wlieat, an egg, or 
a dried wheel-animalcule, we are unable to say wliether or not 
it is alive ; it is only when it begins to evolve energy, either by 
moulding otlier substances into conformity with its own con- 
stitution in active gi*owth, as in the seed or egg, or by active 
motion, as in the animalcule, that we are able to decide the 
question. We cannot say how these bodies originally came to 
possess their comj.)li(‘ated constitution and wonderful powers ; 
but the evolution of energy by which we recognise the continued 
presence of life seems to be more intimately associated with 
chemical affinity than with other forms of energ)"^ such as light, 
lieht, or electricity. All these forms of energy modify the pro- 
cesses which occur in living beings, both those which are 
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choniical anil tl)bso term vital, and apparently in 

inucli tho saWia ^ but whether they modify the vital only 
the ciieruical, we are at present unable to say. In- 
stances ini^y readily be found in which life continues active, 
although one or other of the forces mentioned is not supplied to 
the living body from without, and is only socondarily present as 
a result of chemical changes going on within. Thus a seed in 
the earth, a fungus in a cellar, or a proteus in its dark cave, 
live and thrive without a ray of light; and tlic wlialc and wal- 
rus in the Arctic seas are independent of any external heat, 
tlioir temperature being only maintained by combustion taking 
])lacc within their own bodies. Ihit tliere seems to be no in- 
stance c»f vitality alone continuing active when a stop lias been 
])iit to the oceurreiice of clieiuical changes. Sometimes both 
chemicid and vital processes are suspcndiM] togellnu’ for a time, 
as iu a grain of wlieat or a rotifer wlnm it is kept dry, or in an 
egg wlaui ke|>t cool and coated with varnisli to e.\clude air. So 
long as clieniical activity remains dormant, no other form of 
energy cati awake the latent vitality. Only when the conditions 
necessary for clieinical transformation of the ])roper kind and 
aniouiit are supplied, does it again become manifest. Thus 
light or heat may be applied in any amount or any pr()])ortion 
to an egg, a seed, or a dried rotifer, and still they will not grow 
or movo if tlie air be wdtiilield from the funner or tlu‘ moisture 
from the two lattei*, which is essential for tiio production of 
chemical clnuiges within them. 

ConOiiiom of Hmlih and Disease . — These changes of wliicli 
1 hav(j been speaking consist in the assimilation of certain sub- 
stances, tlieir decomposition within the organism, and the re- 
jcfition of waste products. A due proportion between these 
constitutes health. Just as a fire can only be kept briglit by 
Liking out the ashes and supplying fresh fuel as tliat in the 
grate burns away, so an organism can only be kept healthy 
by removing the products of waste and supplying fresh nutri- 
luciit as its tissues get decomposed during action. Tlio condi- 
tions necessary for this purpose are secured in the simplest 
forms ot life, such as the amoeba, by the little mass of pro- 
toplasm moving about in a fluid, which can not only supply 

Q . 
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the oxygen to keep up comhuetion and evolve energy, and the 
nourishment necessary to replace the material thus used up, but 
can at the same time remove the products of waste. In higher 


FlO. 124.— AmoBba ‘Princeps. 



An ama'ba figured at two cliff erent periods during movement, 
w, iiucleua; if ingosied Imcdliis. 


oigamsm.s, the little masses of liv ing material of which they are 
composed, and which are for the most part l].\ed, are nourished 
by a fluid in which they are bathed, fresh portions of it being 
supplied by its constantly flowing o\'er them, instead of thoH' 
moving like the amoeba through it. In sponges, for example, 
where anioeba-like bodies are attached to a framework, as 
shown in the diagram (Fig. 125), a cuiTent of water is kept flow- 


Fio. 125. — Ilvpothotkal Seciion ot Spongilla. 



[After Huxley.] It consists of a number of particles, each resembling an 
ttmoeba, and supported by a fibrous framework. It is divided into a super- 
ficial layer (a) and a deeper part (e), separated by a cavity. The particles of 
which e is composed would not get enough nourishment were it not that a 
constant ourrent of w>ter is kept flowing over them by the action of the cilia 
with which some of them (c) are provided. These move constantly in one 
diieetipn, and thus draw the water in at b and. cause it to flow out again at 
in the direction of the arrows. 



LIFE AND HEALTH OF CELLS. 227 

in<y over them by ciliary action. If we imagine this sponge 
placed in a vessel of water we will have no very unfair ineture 
of tho^body of a marninal. The little masses of protoplasm in 
tlio sponge jnay be compared to the cells which torni our 
bodies, tlie vessel to our skin, tJm water to the intercellular 
fluid or lymph in which our tissues are bathed, and its surface 
whereby oxygen is absorbed from the air to our lungs. Just 
as the sponge cannot be said to live in air, so w^e do not really 
live in air. We — that is, the tissues which compose our bodies 

live ill what Claude Bernard^' has termed an iuterniil medium, 

viz. the intercellular fluid which exudes from the blood-vessels, 
gives iiutriment and oxygen to the tissues, and returns again to 
the general circulation by the lymphatics and veins. 

will simplify our coiieeption of this subject if we fix in our 
mind’s eye one little mass of protoplasm or coll, and consider 
what changes will be produced iu it by dilTereut conditions. 
Any alteration in the amount of the nutrient fluid, or in its 
€o.iupositiou, will necessarily produce a cimiige in the nutrition 
of the living matter to which it is supplied. If nutriment be 
withdrawn, the coll will begin to burn away. If oxygen be 
\vitlili(;ld,t or the products of waste be not removed, combustion 
will cease, and the cell will die. If nutriment or oxygen be 
supplied in insuHicicnt quantity, or the products of waste only 
partially removed, the cell may adapt itself to tlie altered cir- 
cumstances, and its nutritive and functional puocesses go on in 
the same way, but to a less extent than before ; or tliey may 
become deranged — that is to say, the cell Ijeconies diseased. 
The liujits witliin which the cell can atlnpt itself to changes in 
nutrition are the limits of its health. 'J'hc liighcr animals, how- 
ever, are no mere, aggregation of cells, each jiourishing itself 
independently of the others ; for each cell Jms its own peculiar 
function, each its special kind and amount of nourishment ; and 
none must do either too much or too little work, none must have 
too much or too little nourishment, or the nutrition and func- 
tional activity of the body as a wliole cannot be properly main- 
tained. This delicate adjustment of the several parts to one 

• Bernard, Revue des Cours Sdentifiqnitst, 1S63-4, p. 278. 

t ^^^a^v^ Unten^euchun^en ilber Pi'v(o})^nsn:<t w, Conlractilit&tj p, 63. 
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aiiotlier is secured by means of the nervous system, which 
regulates at once tlie activity of any organ, the quantity of 
nutritive lluul supplied to it, and the amount of material iti. shall 
take up. The means by which it acts are, its direct influence 
on tlie nutrition of cells themselves,’* * * § ^ as is seen in the salivary 
glands ;t or its indirect action through the circulation in slowing 
or quickening thelieart, w^hich propels the blood ; in contracting 
or dilating the vessels which convey it to any part;| or, on the 
capillaries wdiich allow the actual nutritive fluid or lymph to 
filter out and loathe tlie tissues. Hosides thus regulating the 
supply, it also regulates tlie composition of the nutritive fluid 
by maintaining a due relation between the activity of the body, 
tlie supidy of new* nialcrial by digestion, and the separation of 
ell(d:e products by the excreting glands. On account of this 
mutual deiKMidenco of all the parts of tlie l>ody on one another, 
if one gets wrong it puts the others out of order. Thus a 
sudden chill may act on tlie vaso-motor nerves, and cause con- 
traction of the vessels of the skin ; the blood they contain 
thus thrown back on the internal vossels§ and congestion and 
inflammation of the kidneys ensue. In consei|n(>nce of this, 
they no longer e.xerete as they ouglit the elfcd/O proilucts, which 
then accumulate in the blood, react on the nervous system, and 
this figa in on the muscles ; and so the circle goes on. In the 
case supjjosed, the vaso-motor nerves of the kidneys have also 
been rellexly affected by the chill, and in consequence tlie renal 
arteries have not contaicted sulliciently to resist the increased 
pressure and prevent congestion ; while in another they might 
have done so, only allowing so much blood to p^ass as to in- 
crease secretion, and, by thus lessening the flow in the renal 
vessels have counteracted the effect of vascular conti'action in th<‘ 
skin, restored the normal pressure in the kidneys and preserved 
healtli. When all the organs are able to accommodate their 
nutrition and function to great alterations, we say tlie health 
is strong ; but when they can only do so to slight ones, w^e say 

• Ludwig, Physiol ogle d. Memchen^ Yol. ii, p. 3IG. 

f ileidezihainj Sindien au9 d. Physiology InslHut zu Breslau, Ilcft iv, 18C8» 

J EauTier, Comp#, rffwf/., T8fJ9, Yol. ii, p. 132f5. 

§ 'Rt/c JoUusou, Medical Journal, Dec. Cth, 1873, p. 664. 
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tliO health is weak ; anti when this is the case with one organ 
alone, we say that it is specially w'oak. 

Bffed of Drugs . — The nutrition of a cell may not only he 
alteiiJ*(I by clianges in its supplies of nutriment and oxygen, but 
it may be modified or destroyed by the addition of certain sub- 
f^tances to tlie nutrient fluid. Thus a weak solution of alkali 
may increase or diminish the rapidity of the cluinges which it 
undergoes, by hastening the removal of waste products if they 
be acid, or retarding it if they be alkaline ; while a weak acid 
will have an opfjosite effect. Certain metallic salts may stop 
them altogether by forming a firin compound with the substance 
of the cell, wdiile other bodies may <3nter into combination with 
it for a time (possibly replacing some ordinary ingredient of its 
nutriment), again passing out and leaving it in its primitive con- 
dition, but altering during tlieir stay its pliysical characters and 
functional pi’opevties. Such seems to he the case with curare, 
w’hicli, when injected into the blood, paralyses the peripheral 
ends of motor nerves; but, if life be preserved by artificial 
ro'spiration, the poison is excreted, and its effect passes oil' * No 
change can be noticed in the ncrve-fibres, either by the naked 
eye or microscopically, during the paralysis; and this was sup- 
l.)Osed to show that great functional alterations may occur with- 
out any structural change. But this is not tlie case ; for Kiilinet 
has ascertained that, when the ends of motor nerves in muscles 
are examined microscopically, their outline is found to be more 
<listiuct (luring the action of the poison. It is possible that the 
change in pliysical properties shown by this distinctness of out- 
line may be only the indication of some juore important altera- 
tion in their chemical composition ; but, v. hetlier it he more 
cliomical or physical, a change at any rate takes place ; and to 
this, I believe, we must attribute the alteration in function. 

Whatever be the composition of protoplasm, the substances 
wliich are associated wdth it in tlie composition of different cells 
are at any rate different ; and, although the same nutritive fluid 
IS supplied to them, they do not all take out from it, or give out 
to i: the sahm substances in the same proportions, but some take 

* Brodio, PAi7, 1812, p, 205. 

t fctneker’s Power\s translation, Tol. i, p. 221, 
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lip more of one thing and some more of another. Ami they do 
just the same with drugs added to the nutritive fluid. Thus 
lime salts naturally exist in the blood, and are canicd by it to 
" (wery part of the body; but while the bone-cells take tlflyn up 
in large amount, nerve-cells assimilate an almost infinitesimal 
quantity.* And if we feed an animal on madder, which has an 
affinity for lime-salts, the bones become deeply stained, while 
the lunves and fat retain their normal colour. It is possible, 
too, thougli experiments on this point are wanting, that a sub- 
stance added to the nutritive fluid may be taken up by two 
structures, but may have a very different eflect on the one from 
what it lias on tlie other; just as a grain of sand, which would 
have no etfect on the niachiiiery of a locoinotive, may totally 
stop the movements of a watch. We do not know wliether 
sulphocyanide of potassium and curare are taken up equally by 
nerves and muscles or not; but the former salt will paralyse the 
muscles without affecting the nerves, while curare will paralyse 
the nerves, but leaves the muscles intact.f 

The cells composing one structure, then, take up and are 
acted on by some drugs, and not at all by others ; wliile other 
structures are much affected by the very substances which had 
so little action on the first. 

Direct and T/uHrect Action . — When any drug is taken up l.)y 
a structure and acts upon it as curare on the ends of motor 
nerves, we term this its dhect action. Thus paralysis is due to 
the direct action of curare on the motor nerves. But, as all 
^ parts of the body are dependent on one another, some other 
structure may be affected, not by the action of the drug upon it 
but by that which it has exerted on the first part. This is its 
indirect action. Thus, when curare has been given to an animal, 
it occasionally happens that the nerves going to the respiratory 
muscles become 3;)aralysed before those which go to the extremi- 
ties.J The muscles of respiration then cease to act, the blood is 
no longer arterhilfsed, carbonic acid accumulates, and, byini- 

• Buchkeim, p. 25. 

t ]^riiard,.i«^otts sur les JEff>ds des Suhdances Toxiqne^^ p. 314, 

X Hermann, ** Ueber eino Bodipgung des Zustandekommene von Tergif' 
tnngen,” Raymond und ArcAiii^ 1867) p. 64. 
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tatiiig the nerve-centres, produces convulsions, wliicli cease when 
the action of the poison extends to other nerves. In this case 
neithej the muscles, the blood, nor the nerve-centres, are acted 
on directly by the cuvaro. The muscles will contract if stimu- 
lated, and, if the lungs be arlilicially supplied with air, the blood 
will be arterialised as usual, the convulsions will cease, and life 
may be preserved. Tliese asphyxial convulsions, wdiich are pro- 
duced by the eiveuktion of venous blood in the nerve-centres, 
arc thus due to the indirect action of curare. 

Local and Remote Action . — Before curare could reach the 
nerves on wliich it acted directly, it wiis necessary for it to enter 
the circulation, but it had no Jiiarked action on the spot whence 
it was absorbed. Other substances, however, j)roduce an effect 
on the spot to which they .ire applied, and this may be inde- 
pendent of any effect which they produce after absorption. This 
is teriuecl their local action. Thus strong siil[>lmric acid taken 
into the stomaeli combines with its tissues and forms a slough : 
t|his is its local action. But besides ibis, tlie irritation in the 
stomach produces through the nervous system a weakening eflect. 
on the heart, the circulation stops, and the person dies. It is 
not the sulphuric acid which has I'ouiid its way into the circula- 
tion and acted on the heart that arrests its pulsations, but the 
irritiition in tlio stomach which lias iniluenced it through its 
nerves. This is the remoie cHect of the acid. 

Rose . — The effect produced by any remedy depends on several 
conditions. The first of these is the amount eojisting in the blood 
at any given time, ivliich we may call the actual dose, to distin- 
guish it from the usual dose administered by the stomach or 
otherwise, a part of which may not be absorbed, but remain 
inert at the point of introduction. The action which a drug has 
on the body is not dependent on its absolute amount, but on the 
proportion it bears to the body on which it is to act, so that an 
amount which is a small dose for one person is a very large one 
lor another.** Thus if a grain of some active substance be 
injected at the same time into the veins of a full-grown man and 
into those of a boy of only half his weight, it will he distributed 
through twice as much blood in the man as in tire hoy, and 

• Buclilicimj p. 65. 
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each tissue will only receive half as much of it. The dose of a 
<lrug must therefore be regulated by the weight of the patient ; 
and thus women, being lighter, reqiiire a anialler anioimt than 
men, and children less than adults. Though it would be* more 
exact, it is not always convenientj to weigh patients ; hut in 
experiments on animals the weiglit of the animal slioiild al'A ays 
be carefully ascertained, as well as the amount of the drug 
administered. If a substance be injected into the veins, the 
whole of it mixes with tlie blood and becomes active imme- 
diately, and the maximum effect is tlms at once obtained and 
will again diminish as the substance is excreted. Jhit the case 
is diderent if it be injected subcutaneously, and if it be given 
by the stomacli or any otlier mucous cavity the diffiircnee is still 
greater; for as soon as some of it is absorbed excretion begins, 
and thus part of tlie drug is passing out of the Idood wliilo 
another j)art is being taken in. Tlie amount in the blood is, 
then, onlf/thedilfcrencchctarmiluitah^^^^^^ tkat excreted in a 

ffiven thne, and absorption may bo so slow or excretion so (piicjj 
that there is never a sudiciciit amount of the sulistance in the 
blood to produce any effect. Thus Bernard found that a dose of 
curare which would certainly paralyse an animal when injected 
into the veins or even subcutaneously, would have no effect 
wlion introduced into the stomach ; * and sliowed that this 
was due to the kiiiueys excreting the poison as fast as it was 
absorbed from tlie stomach, by extirpating the kidneys, f when 
the aninial became paralysed as surely as if the poison had 
Ijeen introduced at once into the veins, though not so quickly, 
Hermann also discovered, without being acquainted with 
Bernard’s observations, that curare taken into the stomach 
would produce paralysis if excretion were prevented liy ligature 
of the renal vessels. 

The more rapid the absorption, or tbe slower the excretion, of 
any drug, the greater will be its effect. Tlius the effect produced 
by the same <lose of a medicine will be in proportion to the 
lUpidity of its absorption from the different parts to which it 
has been applietl, unless the differences be so slight or the excre- 

• Bernard, Le^om sur let EffelH dfx Sulxfanr'PJi Toxtque^, p. 282, . 

f Bernard, Coitrjj 1S05. 
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(ion so slow tliat there has not been sufficient time for the 
removal of any considerable quantity from llie l>lood. On this 
acronnt we must diniinisli the dose of a medicine in order to 
obtain the same cifect, according to the rapidity of absorption 
from tiio place to which we apply it, Abs(>r])lion is (piickcst 
from a serous membrane, thou from iiitercM.*llular tissue, and 
la?llv, fi'cm mucous meinbraiie. The vascularity and rate of 
absoriition from intercellular tissue is greater on tlic temples, 
laeast, and inner side ot the arms and legs than on their outer 
surfaces or on the back.^ It sliould not be JV)rgf)tten that any 
drug introduced into the stomacli hut not absorbed into tlio blood 
is as nnich outside the body as if it were in. tlie iiaiid, for any 
effect it will have on tlie system, provided always it have no 
local eflcct on the gastric walls. For if ic act directly on the 
walls of the stomacli, it may liave an cdect which it would not 
have when held in the hand or a])i)lied to tlie skin. Thus 
mustard, which wovdd produce redness and burning of tlie skin, 
will cause vomiting when swallowed; but opium, which does 
nSt act on the stomach itself, jiroduces no effect until after it 
lias becMi absorbed. 

I>y the diflerence botween absorption and excretion under 
(lilfcrent circumstaiiees or iu dilfereiit individuals, t the cumula- 
tive action of drugs, the effect of idiosyncrasy, liabit, climate, 
condition of body, as fasting, etc., disease, and form of adininis- 
tiation, cun to a great extent, though not entirely, be explained ; 
but experiments on some of these points are deficient, and the 
•explanations now given are to some extent theoretical, 

(Jamulative Aclion . — If a substancti be naturally so slowly 
cxeroted from the body that the whole of the dose iu ordinary 
use is not exc reted before another is given, the amount present 
ui the body will gradually increase, just like the curare iu 
llerinaim’s experiment, and will produce an increasing or cumu- 
lative effect. Examples of this are to be found in metallic pre- 
parations, sucli as those of mercury or load, which are excreted 
Very slowly ; or in some of the organic alkaloids, if given in 

Eulenburg, ^j/podemtatisc/te Ivjeciion der ArznHmil tel edition, p. 65. 
tV ubsorb more quickly than adults, so ojiiunj is more dangerous to 

Marx, Lehre von den Q if ten, vol. ii, p. 117. 
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sufficiently large and frequent doses. The size of the dose inid 
the frequency with which it must be repeated in order to pro^ 
duce a cumulative effect wdll differ according to the rapidity, 
with which the drug is excreted; for, if excretion be I’^pid, a 
larger dose, or more fre(juent repetition, wdll be required. The 
long time which elapses before a dose of opium takes effect on 
some individuals is prol)ably due to its being very slowly 
absorbed ; and the power of one man to take, witlioiit apparent 
effect, an amount of alcohol or opium which would intoxicate 
another, to its either being more slowly absorbed from the 
stomach or intestine, or more quickly excreted by the lungs, 
skin, or kidneys, so that the amount present in the blood at any 
one time is never sullicient to produce toxic effects. There are 
two vegetable active principles, digitalin and strychnia, to w^hich 
ail especial cumulative action is ascribed. After moderate doses 
of these drugs have been taken for some time, it is fouiul that 
instead of the eifocts they produce increasing gradually, as we 
would expect from a gradual accumulation in the blood, the 
symptoms of jioisouiug Ixicome suddenly developed in some- 
what the same way as if the dose had been suddenly increased. 
It is evident that a diminution in the quantity excreted will 
produce tin's effect as readily as an increase in the quantity 
taken, and this is probably the true cause of the phenomenon. 
"When digitalin has been taken for some time and accumulated 
to a certain extent in the blood it cuiises a diminution in the 
amount of urine excreted, and this diminution is either accom- 
panied or quickly followed by the other symptoms of poison- 
ing* The effect indeed seems exactly the same as Hermann 
would have obtained in his exjierimeut if he had only partially 
comijressed the renal arteries instead of ligaturing them com- 
pletely. For digitalin appears to diminish the secretion of urine 
by exerting a powerful action on the renal vessels,! and in large 
doses may completely arrest the secretion of urine,} and prob- 
ably also the circulation through the kidneys. 

• Bronton, On Digitaliit, with some Ohsei'vations on Urine^ p. 39 {vide aniea^ 

p. 61). 

t Bruntdn and Power, Froc. Jioy. aVoc., 1874, No. 153, and Centralhlalt d, 
Med, 1874, p, 497 {vide postea, pp. 410 nud 412). 

t Ckristisoii, 'Mdin, : Med, Jouirn,^ vol. vii, p. 149. Mazely Gazette die 
Miipitause I86%r74, 
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Effect of Haiit, Climute, Fastinj, and Form of Adniinislration. 

The effect of habit in lessening the action of drugs may he 

due to increased power of excretion or diminished absorption; 
and that of a warm climate in increasing the action of narco- 
tics, such as hyoscyamus, to their excretion being hindered by 
the diminutiosx in the amount of urine consoquent on the 
increased cutaneous transpiration. A medicine taken by a fast- 
ing person is generally more rapidly absorbed and lias a greater 
effect than if the stomach be full, as is well known in the case 
of alcohol. Tlie form of administration has also an effect on the 
rapidity of absorption. When a drug is given in a soluble form 
in small bulk it is more quickly absorbed, and will have greater 
effect than when given in an insoluble form or much diluted. 
Thus two glasses of raw brandy may intoxicate a man, espe- 
cially if taken on an empty stomach when the person is thirsty 
and absorption therefore rujiul. T'he same quantity diluted 
with two quarts of water would have little or no effect, for 
before the stomach could get the whole absorbed, the alcohol 
which had first found its way into the blood would have been 
in great part either excreted or consumed. 

Large and Small Doscs . — The effect produced by a small dose 
of a drug is sometimes exactly the opposite of that produced by 
a large one. ^Vc cannot say exactly why it is so; but we very 
geiKU’ally find that any substance or any condition, whether it 
be acid or alkali, heat or electricity, which in moderate amount 
increases the activity of cells, destroys it when excessive.* 

Homoiopathy . — This opposite action of large and small doses 
seems to be the basis of truth on which the doctrine of homceo- 
pathy has been founded. The irrational practice of giving 
hifinitesimal doses has of coui'se nothing to do with the prin- 
ciple of homoeopathy — similia similibus curantnr: the only 
requisite is that mentioned by Hippocrates, when he recom- 
mended mandrake in mania ; viz., that the dose be smaller than 
would be sufficient to produce in a healthy man symptoms 
similar to those of the disease. Now in the case of some drugs 
this may he exactly equivalent to giving a drug which pro- 

• KiUiue, V niersmhuHgm iber ^rotoplatma wid ContraclilUati pp. 49, 81, 
33, and 43. 
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duces symptoms opposite to those of the disease ; and then we 
can readily see the possibility of the morbid changes being 
coiniteracted by the action of the drug and beneht I'esidting 
from the tieatiiicnt. For example, large doses of sligitalis 
render the pulse extremely rapid, but moderate ones slow it.^ 
In this instance its moderate administration when there is a 
rapid pulse is homceopathic treatment, and this has sometimes 
been beneficial. Ihit it is not proved that all drugs liave an 
opposite actifin in large and small doses, and houuico[)atliy, 
therefore, cannot be accepted as an uiiivorsal rule of practice. 

ConsUttition and Idiosi/mrasij. — Variations in the action of a 
drug cannot be entirely explained, liuwever, by the varying 
amount in which it may be actually present in tlio circulation 
and acting on the body. Another modifying element of great 
])Ower is constitution. In animals generally we have certain 
motor aiTangements in the bones and muscles, regulating 
arrangements in tlie nervous systein, mid yet other arrangements 
in the circulatory system for supplying them witli the matiy'ial 
necessary for tlie [Hnlormanceof their functions. Ihit the parts 
which enter into each of these are not equally developed in all 
animals; in some one part prepoiulerates ; in others, another. 
Even in aninuils of dilferent species, and in individuals of the 
same species where the relative size of organs seems the same, 
differences ncvertlieles.s exist; and the presence of a few colls 
more or less in a ganglion, and a few fibres more or less in a 
nerve, may alter to a very great extent the action of any sub- 
stance on the organism. Wlieii a medicine given to one person 
•‘produces an ellect slightly differing from that which it gener- 
ally causes, the difference is said to be due to constUiUion ; 
when its difference is great, it is said to be due to idiosyncras]/. 
Now, these effects may be merely due to diflerences in absorp- 
tffen and excretion, as has been already explained, or to the 
different relative development of other parts, especially parts of 
the nervous system. It is easy to luulerstaiid the altered effect 
\Yliicli may be thus produced, and to perceive the ambiguity of 
such terms as “nervous stimulant,” ^vhen we recollect that 

• Traube, Med, Cenfr, Zig,^ toI. xxx, p. 04, 1861, and Bruuton Oa 
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different parts of tlie nervous system act exactly in the opposite 
way to otliers ; and if anything should act on both of these, it 
will produce an opposite effect aei*,or(;ling as one or other part is 
more cl»veloped and more powerful. Thus, the vagus nerve has 
the power of rendering tlie heart’s action slow, and the accele- 
rator nerve of quickening it ; and any drug which irritates then: 
both will make the lieart’s action slow if the vagus be more 
developed, or (luiekmi it if the sympathetic be stronger. Tlius, 
two horses of uneipial strength, pulling in o])posite directions, 
may counterbalance each other; but if both he struck with a 
whip at the same moment, tlie power of tlie stronger becomes 
evident and he ])ulls the wt?aker after him. 

A good oxamph? of this action is given by muscarin, an alka- 
loid obtained from a poisonous mushroom, Afjancm miiHcarius. 
rrofessor SchniiedebtMg, of Strassburg,* lias shown that tliis 
alkaloid produces great irritation of the vagus nerve, so that in 
Irogs the lieart will stand still for liours together. Wlieii given 
to ^logH, it fiometimcB makes the pulse slow, hut sometimes 
(juickeiis it; and one might therefore he inclined to say that 
wlieii it prodiKUis (juickcniing it cannot be acting on the vagus. 
lUit the explanation of tliis phenomenon is, that miiscariii does 
not act on tlie vagus iihuie, T»ut has also an effect on the vaso- 
motor nerves, producing dilatation of the vessels and diininu- 
lion of the blood-pressure in tlieni.t Now, Icssenetl pjcjssuro 
acts as a stimulant to the accelerator, and quickens the lieart. 
In this way muscarin stimulates both vagus and accelerator, and 
the pulse is rendered quick or slow according as the power of 
the one or other is greater in tlie particular dog to wliicli it is 
given. In frogs, the blood-pressure has no great action on the 
heart, and in them the effect of the vagus is not iuterlbred 
with. 

Another instance may be given where an appanmt diffl'ifmcV? 
in the effect of a drug on two animals may be removed by 
reducing their organs to the same condition. In most animals, 
the slowing action of the vagus on the lieart is constantly 
exerted during health ; and when it is cut the heart beats much 

* SchmieJeberg imd Ko2n>t\ Muscarin^ p. 23. 

t Sclimiedeberg, op. cU.^ pp. 43 and 43, 



238 EXPUUmENTAL IXVEST10A.TI0K OF THE AOTIOX OF MEDICINES. 

faster. But in the rabbit, its power is com pa rati vel}^ small, and 
the increased rapidity of the pulse after its division is but 
alight. In most dogs, on the contrary, its power is grct^t, and if 
it be cut, the heart beats very mtich quicker, and sei?tls more 
blood into the arteries, so as to raise tlie pressure in tlieiii. If 
we measure the pressure of the blood in tlie ai teries of a rabbit 
and of a dog, and then cause tlieni to inlialc nitrite of amyl, 
find that the small vessels have hecome widened and allow the 
bloo(i to pass easily out of the arterial systeiti into the veins, so 
that the pressure sinks considerably in tlie rabbit, but it sinks 
only slightly in the dog. The elfect seems at first sight 
ditVerent; but when we examine it more closely, we find that 
the heart of the dog is no longer beating slowly, but very 
quickly, so as to keep up the pressure, notwithstanding the 
rapid flo\v of blood ihrougb tlio widened vessels, while the 
heart of the rabbit was going so fast before that it could not go 
mucli more quic!<ly. If we cut the vagi in the dog, so that the 
heart goes as quickly as in the rabbit lieforo it begins to inlj^alr*, 
the blood pressure sinks during the inhalation, just as it does in 
the rabbit.* 

I have given tlieso examples at length, because of their 
important bearing on the question liow far conclusions as to 
the action of medicines on man may be drawn from those 
which tliey exert on the lower animals. Now, the action of 
-curare in paralysing the ends of motor nerves is one of the 
simplest and least complicated examples that we can take, as 
t]ie very nature of its action prevents disturbances in other 
:systems from showing themselves; and we find that it is 
-exactly the same in tlie Indian who accidentally wounds him- 
self with his poisoned arrow, in the game which lie shoots, or in 
the frog on which we experiment. 

Motor nerves, the structure on wliicli curare acts, are alike 
present, and in all are ite results the same. 

As we have seen that in the lower animals, differences in 
the action of drugs are produced by differences in the structure 
of the animalj and. that the former disappear when the latter 

* Lauder Brliuton, Action of Nitrite of Amyl on the Circulation,” Journal 
of Anatomy and jPhy^iology^ toI. t, p. 96 {vide antea, p. 176). 
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are removed, we are, I think, justified in concluding that, when 
the organs or structures on which a drug acts are similar in 
nxau and the lower animals, the action will be alike, and that 
variatidns will be observed just in proportion to the dilference 
between his stracturo and theirs. But as it may be diflicult or 
impossible to detect these differences except from the effects, 
we ought to test our conclusions as to the action of remedies 
by giving them to a healthy man, and observing whether their 
effects are such as we have been led, from our experiments on 
animals, to expect. 

lyisease . — The different effects of a medicine in health or 
disease may be ]iartly due (1st) to alterations in the relative 
amount of absorption or excretion produced by the disease and 
consequent changes in the quantity of the drug actually pi’csent 
in the blood. Tints, enormous quantities of opium have been 
given during the collapse f»f cholera without producing any 
i'IT(!ct, because no absorption took place, and the oiuum re- 
mained in tbo stomacli so long as the collapse persisted. When 
it passed off and absorption again began, the opium was taken 
into tlie circulation ami e.xertod its tisual action, so that persons 
liave died of the remedy after I'ccovering from the disease. 

The difference in action is due (2nd) to tlie alterations pro- 
duced by disease iu the organs and tissues of the body which 
may interfere with both the indirect and direct actions of the 
drug. Thus, digitalis usually slows the pulse by acting on the 
heart through the vagus. But in febrile diseases it sometimes 
has little or no perceptible action on the pulse. This is prob- 
ably due to the fact, that the accelerating ganglia of the heart 
are stimulated by the high temperature to such an extent that 
the vagus can no longer restrain them. For irritation of the 
vagus trunk by galvanism, which has a stronger action on the 
heart than digitalis and usually stops its ptiI.«ations entirely, 
ceases to do so when the temperature of the animal is raised, 
and yet the vagi are not paralysed, for when the motor power 
of the heart diminishes tliey can again stop it, although the 
temperature may still be high.* What the alterations in each 

* Lftuder Bnuton, "On the Action oi Heat upon the Mammalian Heart,” 
8t. Barlholomev Soipital BeporU, toI. tu, p. 221 {vide p. 212). 
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dimso, and ithe ways in wliicU they will ihodify eitlier the 
ditedt or indirect action of remedies, really are, can only be 
.determined by an increased knowledge of pathology by 
actital clinical olisorvation. f 

v'Vhemical Constitution and Physiologic d Action. — I liave 
spoken thus fur only of the changes in tlie body and tlie 
various effects whicli they produce; but I must Jiot leave this 
subject without mentioning the wide field of research which 
has been opened up by the remarkable discovery made by 
Drs. Crum Brown and Fraser,* of the relation which exists 
Iretween chemical constitution and pliysiological action, it was 
known before that one drug wouhl act only on one part of the 
body, another on anotlicr; but they have .shown that clianges 
in ttie chemical composition of a drug may not only alter its 
action, but transfer it to a diflermit structure : so tlie addition 
of sulphate of methyl to strychnia, brucia, or thnbaia, causes 
them to act on the terminal branches of motor nerves instead 
of on the s[>inal cord, while a similar addition to otluu- alkalohls 
removes some of their actions but leaves ollieis unobanged. 
Further researches of this kind may enalile us to detonuiiit.' 
what parts will be acted on by a drug after a definite change 
bas be^n effected in its chemical constiiution ; and the progress 
of physiological chemistry in ascertaining the coiiiposition and 
properties of the tissues renders it not impos,sible tliat such 
knowledge may yet be acquired as that spoken of by Locke in 
the*following M ords ; “ Did wo know the (mechanical) affections 
of the particles of rhubarb, hemlock, opium, and a man, as <i 
wt^tehnuaker does those of a watch, whereby it perfonns its 
operations, and of a file, which by rubbing on them will alter 
tjie figure of any of the wheels, we should he able to tell before^ 
hand tliat rhubarb will purge, hemlock kill, and opium make 4/ 
man sleep.” i\nd even though our knowledge should neyeF 
reach this extent, the rapid advances which it has rnade of Jate 
‘’‘years, tlie power which we now possess of altering the chemical 
cbu»#)sition of the organic alkaloids, and along with it their 
phydQiojgieal action, and the fact that two of thera’‘(coiiili'fthd 
inu^J&ih) have already been made synthetically, incline ua tb 

• TraHsacUuse of (he Soyal Society of lEdinlxirghy vol. xxr, pp. ,1 BDd 
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ii^lieye that we may by*and-by make the substances which 
will produce the physiological effects which we desire, and that 
a future lies before therapeutics of which at present we can 
liar^ty dream. 


II.— Action of Duugs on I’KOTorLASM:: Geneual Directions 
FOR Experimental Investigation. 

BritisJi. Medical-Journal^ 1871, Mny 18th, p. 4!)5, and May 20lh, p. 521. ' 

ModtM of Kxporimcnting. — Caution. — Action of Drugs on rTt)fopl ism, — AcUoh 
on Vibriones and iJactcria. — Contagium Vivum. — Action on Fungi; on 
.Fermentation; on Putrefaction ; on Oxidation; on White "Blood Cor- 
puscles; on rnflaminfition. — Act "on of Oases. -Steps of an 1 nvestigation.'^ — 
Administration of Drugs. — Ob.^ervatiou of JliVeets. — Tiitcrpretation of 
IJesnlls. -Mituinum Fatal Dose. — A’'arious Clianiuds of Adnuiiistmtion,-^ 
JCxcretion.— -Modo of Seeuring Aniiuuls. — Tnstnnncnt.s rcrpiired.-- Modo of 
making Oaniiulto, T-tubes, and Pens. — Xarcotising Animals. - Action of 
Introcluction (»f Cannubc into Vt‘ssels — Fnjeetion of Fluids. — 
l)ivision and irritation of Xei*^'cs. — .Artilieial Kesjuratiun ; in Mammals; 
in Frogs. — Admiiiislrati.jn of (lases or A'a pours. 

(.iFNTi.KMKN, — III (‘xpOTiineiiting on the ehbet of ouv great 

olijfMd; must ho to localise tlioir ac‘tioii — to ho ahle to say with 
eertivinty, Tin's is the organ on wliicli this nuMlicine ai'ts, anti 
sucli and such is ilie nction which it exerts upon it. There are 
two ways in whicli this might be done. ^ 

1. Wo rniglit give tho medicine to niiimals of all kinds, from 
those consisiitig of one simjile coll upwards to the highest 
forms of life, and mark how^ its action Ixjcamc modified as we 
adA^anced farther and fartiier frojn the sijn[)le mass of sarcode, 
and organ after organ became diflerentiatcd a?id devcloptid. 
Unfortunately, liowever, the knowledge of comparative anatomy . 
and physiology which is required to interpret tlui effects thht 
Avo might thus obtain is so great, and possessed by so few, tliat 
this method is at present of little use. 

2. We iniglit take a liiglily organised animal, not very nnliko 
man in its general structure, and, by operative procedures, allow 
the medicine to act now on one and no\v on another part tK 
bQdIvbut neyer on all at once, till wo find out those parts for 
Avhieh it has a particular affinity. 

This second method is the one Avhich Ave chiefly employ, hut 
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somettines we may very convenieutly use them both, as in the 
case of protoplasm, the physical basis of life. 

Ccwfim . — ^As I intend not only to describe the ways in 
which experiments on the action of medicines are tote per- 
formed, but also to give examples of the conclusions drawn by 
various observers from the experiments which they have made, 
and of the way in which these conclusions have been applied, I 
take this opportunity of strongly warning you, once for all, that 
you must distinguish very carefully between the observations 
actually made by any one and the conclusions which he draws 
from them. Observations on the effect of a drug may be 
correct, and yet the theory of its mode of action be erroneous ; 
and both of these may be riglit, and still the proposed applica- 
tion of it to a disease may l>e valueless from ignorance of its 
real pathology. All observations, too, are not to be taken as 
facts : they must be conKrmed by frequent repetition either by 
the first observer himself or by others before they can lay claim 
to this title. Their value depends to a great extent on the 
observer, and is in proportion to his power of seeing correoJly 
what is before him, and the exactness of his description of what 
he has seen. Perhaps erroneous statements are due in great 
me^ure to the results of experiments not being noted at the 
time when they were done, but written down from memory 
some time afterwards. When this is the case, they- lose in a 
great measure their claim to the name of observations, and they 
bwome merely thoughts or ideas of the observer. All escpei'i- 
ments shotdd be noted down at tlie time when they are perfomned' ; 
and if they are not, the time which elapsed before they were 
written should be stated, that future workers may know what 
value to attach to the observation, and not be put to the 
unnecessary trouble of disproving it if it be erroneous. Before 
beginning an investigation, it is convenient to write out the 
questions which we propose to ourselves, and to note down 
what experiments will be necessary to answer them. We are 
thus less likely to make experiments at random, and to waste 
time without coming to any certain conclusion. 

Adian on JProtcplasm. — ^We may study the action of drugs bn 
protoplasm either in unicellular organisms like the Infusoria, ini . 
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cilia, in white blood-corpuscles, or in those minute hodies — 
bacteria and vibriones — to which attention has of late been so 
muclv directed, and which, despite their minuteness, possess so 
miicB importance fi-oin their power of producing fermentation 
and decomposition in dead organic matter, and not improbably 
of causing disease in living beings. For the purpose of study- 
ing it in Infusoria, we prepare an infusion of hay i^me days 
before we wish to experiment, and a solution in water of the 
drug which we wish to investigate. We then heat a piece of 
glass tubing in the middle, draw it out and cut it across, so as 
to obtain two little pipettes, which will deliver drops of neatly 
equal size. From one of these wo let fall a drop of infusion of 
hay on a glass slide, and examine it under a low power of the 
microscope without a covering glass. We then let fall a drop 
of the solution of our drug upon it, mix the two drops well with 
a glass rod, and again examine them microscopically to see 
whether or not the infusorial animalcules are still moving. If 
Uioy bo moving, and continue to do so for some time, we pre- 
jjare a stronger solution of the drug; but if they have com-n 
pletely stoi>ped when we looked, wo make a weaker one, and 
again mix a drop with one of hay infusion, repeating the experi- 
ment till we have got a solution of such a strength that a eilight 
movement of the animalcules can be observed just after mixing 
the drops, but ceases almost immediately, and cannot be brought 
back by adding water. We can then compare the action of 
different dings by observing of what strength the solution of 
each must bo, in order to produce precisely this effect. 

Proi'ossor Biiiz of Bonn has found in this way that certain 
substances, such as common salt, chlorate, chloride and bro- 
mide of potassium, alum, &c., appear to stop the movements of 
Infusoria by alteiing the amount of water which they contain, 
as .strong solutions cause them to shrivel at first, and then to 
swell up and become motionless. Weaker ones make them 
swell likewise ; but their effect at first is different, as they do 
not slirivel up the animals, but, on the contrary, render tUeii- 
movements more lively. 

Other substances kill them in a way which we do not under- 
stand, stopping the movements at once without producing any 
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apjparent cliaiigo in tlie animars body to accouiat for it, 
most active of these substauces are cliloriue, bromine^ corrosive 
sublimate, iodine, permanganate of potash, and creasotti After 
these comes quinine, less powerful than they, hut far iPhore so 
than other oi'ganic alkaloids. Even strychnia, so fatal to liigher 
animals, lias barely one-fourth the power over these, lower 
organisms which is possessed by quinine, a substance which is 
dangerous to mammals oidy in such large doses that we are 
at'custoined t() look upon it as a remedy, but hardly at all as a 
poison. 

Action on Vihrionc.s and Iktderia, — If a piece of boiled meat 
or white of egg be allowed to lie in \vater for a few days, or a 
little of l*asteiir\s solution lie exposed in a glass, tiie fluid 
liecnmes milky, and vibifones and bacteria are formed in large 
numbers. Pasteur's solution is made by dissolving 10 gniins of 
sugar, 0 decigrams of tartrate of ammonia, and 1 decigram of 
yeast-ash, in 100 c.e. of water; or a little white of egg may 1)0 
added to the hay infusion, when the Infusoria soon disapi#-‘ar, 
and it remains full of bacteria and vibriones. A droj) may 
BOW be taken, diluted with another drop of water, and the 
action of drugs on vibriones examinc<l in the same way as on 
Infusoria. 

In this way it is found that the same snhstances which kill 
Infusoria also prove destructive to vibriones and bacteria : and 
if they kill t!ie&(’, organisms when outside the animal body, they 
should do so likewise when they are inside, and tlms cure 
diseases that may be caused by their presence. Now, Imeteria 
have been said to l;e the cause of malignant pustule, and tliey 
ai'e at all events frequently present in larger numhors in the 
blood of animals aHecled by it, and their destruction can hardly 
fail to bo advantageous. We are, therefore, not at all surprised 
to learn tluit Bovilcy and the French Commission found* that, 
while all animals which they inoculated with this disease died 
when left t() tlieinselvcs, four recovered out of live to which 
they had gi ven carbolic acid, and that oilier cases treated in the 
same Avay by others gave a like favourable result. The striking 
corrospoiidence between the effect actually produced bn the 
Comjjt, rend., toI. IxTiii, p. 83; 
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rtife^ase an ^ that wliicb we s^lioiild expect from its action on 
bacteiiu; wldch we suppose to be the cause of it, seems also to 
be an evidence of the truth of the hypothesis that bacteria are 
the cafise of the disease, and that carbolic acid cures it by 
killing them. Before w’c accept this as a fact, however, wo 
should test it by adding to one portion of the blood of a diseased 
animal, carbolic acid in tlie same proportion as w as likely to 
be present in the blood of tlie one cured, and comparing it with 
another portion towliich none had been added, ami see whether 
the amount w’as suflicient to liave any actixm on tlie bacteria. 
Jf it were not sufficient, we should have to look for some otlier 
action of the acid to explain its elfoct. 

As cases of malignant i>ustule or otlier diseases in which 
biicteria and vibriones are found in the blood happily do not 
present themselves every day, Biiiz produced fever in dogs 
artificially by injecting infusion of bay or putrid animal matter 
int) their veins, and then teste<i the action of rpuiunc by inject- 
iiiyf it eitlier at the same time or shortly afterwards. The 
([iiiiiine diminished the ellect of the infusion, but not to the 
extent which he expected ; and this he thinks due to the infu- 
sion not containing vibriones alone, but gases and other pro- 
ducts of decomposition, wdioso action would not be affected by 
(piiniiie. AVhctlier this be so or not, must be decided by further 
experiments. He believes also that hay-fever is due to vibri- 
ones ; and he cured Helmholtz, who had suffered from it for 
several years, by injecting a solution of quinine into his 
nostrils. 

Action on Fungi . — Wlien spores of the ordinary penicillium 
or niould-fuiigiis are thrown into rasteur’s fluid or syrup, they 
grotv and develop new spores. Two portions must be taken, and 
tile drug to be tested added to one and not to tlie other, and 
the amount of it necessary to prevent tlie formation of spores 
must be noted. If carbolic acid, corrosive sublimate, or very 
strong solutions of quinine be added to them their growth is 
prevented. 

Action on Fermentation.— As butyric fermentation depends 
on the presence of vibriones and alcoholic on the yeexst-fungus, 
we should expect that substances wdiich kill these would 
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previeijfc fermentation. To test this, two glass-tubes or flasks, 
ab filled with a mixture of milk-water, grajje-sugar, and chalk 
(from which carbonic acid will be set free by the lactic acid 
fonried), or with a solution of grape- 8 ug.ar or yeast. To of 
them a certain amount of the substance to be tested is added, 
and lK>th arc then inverted over mercury and kept in a warm 
place for several days. The amount of gas developed is then 
measured ; and, if the addition of tlie substance have hindered 
the production of gas, we know that it has hindered feimenta- 
tiou in the same proportion. It has thus been found that 
quinine, amounting to xi^rth part of the mixture, completely 
stopped the development of vibriones or the production of gas ; 
and other substances have a similar effect. 

As many cases of indigestion, acitlity, flatulence, vomiting, 
and summer diarrhoea, more esi)ecially in ciiildren fed by hand, 
are most probably due to the fermentation of starchy and sac- 
charine food caused by vibriones. Bins thinks that cre.a80te, 
quinine, &c., are serviceable in their treatment by stopping this. 
As it is the local action that is wanted, the longer the medicine 
remains in the iutestiuo before being absorbed, so much the 
better will its effect be ; and thus the greater benefit derived 
from bark than quinine in some such cases might be explained. 

Action on Pidre/action . — The autiputrescent action of drugs is 
tested by putting a square of boiled white of egg into each of 
two vessels containing water and setting them in the sun. To 
the liquid in one vessel the drug is added, and the rapidity with 
which the edges of the sqiiare of white of egg on it become 
deoomposed and soft is noted and compared with that in the 
other vessel. Instead of white of egg, a piece of meat or bread 
may i?e used. The relative power of different drugs in stopping 
putrefaction does not always correspond to the ideas which we 
would be inclined to form ; for who would think that quinine 
would be more powerful than such antiseptics as creasote> 
chloride of lime, or ai-senic ? and yet such is said to be the case. 
So powerful is quinine, that a piece of meat placed in a solu- 
tion of 4 cent, of the sulphate, with a little dilute acid, 
xeraained in suihmer without decomposition till the fluid W£^ 
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Mtionon Oxiclation.^^U fresh leaves of lettuce or dandelion 
are tritumted with five or ten times their weight of water, with 
free access of air, the fluid filtered, and fresh guaiae tincture 
added it, a blue colour is produced, showing tliat ozone is 
jn-esent in it, 3’o test the action of a drug on the forma- 
tiijn of ozone, two portions of the filtered fluid are put in test- 
glasses, and the drug added to one. Both are allowed to stand 
for one or two hours, with occasional shaking, fresh guaiae tinc- 
ture is dropped cautiously into both, and by the greater or less 
depth of blue jiroduced in each fluid we judge of the amount 
of ozone present in each. In this way it is found that quinine 
diminishes or stops the formation of ozone in these fluids, and 
at the same time the little pi'otoplasma-granules with which 
they abound are rendered motionless and altered in appearance. 
There seems to be some connection between these protoplasma- 
granules and the formation of ozone, as the stoppage of the one 
runs parallel with the alteration in the other. 

Quinine seems to have the power of diminishing oxidation 
within the body as well as out of it, since when injected into 
the blood it lessens the exemtion of urea and diminishes the 
temperature both in health and disease during life, and hinders 
its rise after death, and this action is apparently not due 
to nervous centres regulating temperature, or to changes in the 
circulation allowing quicker cooling by the skin. 

Action on White Blood- Coi'puscles . — ^To examine this, we take 
a drop of blood from the finger, put it on the under surface of a 
thin glass, and lay it over the opening in Strieker’s warm 
stage,* and o.xaraine it with a high power of the microscope, 
such as Boss’s tV or Hartnack’s hTo, 10, at a temperature of 
98° F. After satisfying ourselves that the white corpuscles are 
in active motion, we take a solution of the drug in fresh serum, 
or in half per cent, solution of common salt ; mix a drop of it 
with the blood and examine again. Or we may use Max 
Schultze’s warm stage, which consists of a flat piece of brass 
covering the stage of the microscope, and having a long arm 
projecting at each side and a thermometer in front. When a 
lamp is placed under one or both arms, they conduct the <h^t 

♦ Strieker's HUtolog^t New Sydenham Society's translation, p. 13. 
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to the middle part on which the object lies, and thus warm it to 
any desired temperntiire. The drop of blood must be placed on 
a piece of glass 3^ inches long and 2^ broad, which is th^n laid 
on the warm stage. The drop is next covered by a thin 
glass, and over all is put the lower part of a lamp-cylin(ler, 
through whose upper end the tute of the luicroscope slides, and 
round w’hose interior is put a piece of moist blotting-paper to 
prevent evaporation irom the blood. The drug is aj^plied as 
with Strieker's stage. Solutions of corrosive suhlimjite and 
veratria, even in very minute quantity, stop the nioveincuts of 
the white blood-corpuscles, but neither is so active as quinine. 
Strychnia is rather less powerful than any of these, and many 
other alkaloids mucli loss so. 

Action on Injlaunaation , — During inflammation, the white 
blood-corpuscles are very active, and crawl through the walls 
of the capillaries in much greater numbers than usual. It is, 
therefore, interesting to inquire what will be the effect on this 
of any drug that stops their motions. For this purpose 
curarise a frog, and lay it on a large plate of cork with a hole 
at one side and another piece of cork } inch lugh at the 
otlicr. We fix the body of the frog to the raised piece, open its 
abdomen with a pair of scissors, draw out the intestines, and 
fasten the mesentery wdth very fine pins over the hob}. In an 
hour and a half or two hours afterwards wdnto corpuscles come 
rapidly out of the vessels and wander over the field. We may 
then inject our drug into the circulation or apjjly it locally to 
the mesentery. 

*Binz states that, when he injected quinine into tlio circula- 
tion, the number of corpuscles in the vessels bec*ariie diminished, 
and they ceased to wander out, while those already out con- 
tinued to wander further, so that, instead of being evenly 
distributed over the field, they left a clear space round the 
outside of the vessel, in which few w^ere to be seen. If, on the 
other hand, it be applied locally, the corpuscles which are 
already out stop moving, wdiile those in the vessel continue ta 
migrate, and thus, instead of a clear space, a dense accumula- 
tion of ^jorpuscles forms round the vesseL In order to produce 
this effect, of the aiiimars weight of quinhie 
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is necessary; and, if it were given to a man weighing 150 lbs., 
in order to stop the exit of corpuscles from the vessels in sucli 
a disease as peritonitis, ?> or 4 drachms of the medicine would 
rccpiiri 4 *to be given within a short time. Binz’s ob.servatious aS 
to the effect of quinine on the white corpuscles have been con- 
firmed by Martin, but have been denied by Schwalbe, so that 
firrther investigations on this point are very desira])Ic. 

Action of Gases . — This is examined by putting the cells to bo 
exaniinetl on Strieker’s warm stage, and bringing the gas into 
contact with them in the manner described by him.* 

^cps of an Jnvesliyal,ii>n. — The animals which we chiefly 
use in e-Kperiments are frogs, rjibbits, guin(;a-pig.s, and dogs. 
In investigating the action of a drug, we examine — 

1. What the symptoms are which a large dose produces. 

2. Taking the most prominent symptom, we inquire (a) On 

what organ does the production of this symptom tlejfcnd ? (&) 

How has it been affected by the drug ? (c) Has this affection 
boon primary or secondary ? 

if. We examine other organs which we think may have been 
also affected. 

Administration of Drugs . — To examine the general effect of 
a drug, we weigh the animal and then give it a large dose in 
our iirst experiment, in order to get exaggerated symptoms. It 
may be given by the mouth or by subcutaneou.s injection. In 
frogs, the substance may be injected either under the skin of 
the back or into the abdominal cavity. In rabbits, &c., it is 
most conveniently injected under the skin of the flank. In 
guinea-pigs, the abdomina,! parietes are very thin ; and, if we 
wish to compare experiments with different doses, care must be 
taken not to push the point of the syringe into the abdominal 
Ciivity, as the absorptiotj will be then more rapid, and the same 
dose produce a gnfater effect. If vve wish to give the medicine 
by the mouth, we either put it well back on the root of the 
tongue and then hold the animal’s jaws together till we think it 
has swallowed it, or we put a perforated cork between its teeth, 
push an elastic catheter through the hole in the cork down , the 
tiisophagus into the stomach, and inject the drug in solution 

* Stria..cr's JliHohff^y Sjdeiiham Society's editiou, p. 3. 
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through the catheter. Orfila used to introduce the drug into 
ati opening in the oesophagus, which he then ligatured to pre* 
vent vomiting; but since suiicutaneous injection was iutrc^duced 
this method is rarely emi-iloyed. >• 

Olmrvatim of Effects . — After the drug has been administered, 
we allow the animal to move freely about, but prevent frogs 
from escaping by covering them with a large bell-jar. We then 
see wliether the animal is restless or disinclined to move; 
whether its movements are perfectly performed or rmsteady; 
whether or not its legs seem weak and paralysed, or convulsive 
movements or involuntary twitchings be present; whether its 
heart-beats or pulse, and respirations, are quick or slow, strong 
or weak, regular or irregular ; whether there is vomiting or 
purging, diuresis, salivation, drjmess of the mouth, flow of 
tears, or dry conjunctiva, and whether the pupil be contracted 
or dilated. If the animal seems asleep, we pinch it to ascertain 
if refle.v action continue after voluntary motion is gone; and if 
respiration cease, wc ascertain if the heart still continue to beayt. 
As soon as possible after death, w'e open the animal and see if 
the heart still be beating. If it have stopped we note whether 
its cavities are full or empty, its walls flaccid or firm, and try 
wliether it wdll contract or not on pinching or scratching it, or 
on irritating it by an electric current. We observe whether the 
veins are turgid or empty, the lungs pale or congested, the 
stomach and intestines quiet or in active peristaltic movement, 
the Spleen large or contnu-ted, the bladder full or empty; and 
tj^e urine may be tested for sugar. 

Interpretation of BesniUs . — If we find in the course of those 
experiments that voluntary motion is increased or lessened, we 
may naturally conclude that the activity of the cerebrum is 
increased or diminished, unless the increase of motion should 
depend on pain, or its diminution on impairment of the motor 
apparatus. Unsteady movements, paralysis or convulsions, 
impaired reflex action on pinching, or stoppage of respiration 
before the heart, point to the spinal cord, to the nerves, or to 
the mu^ies; whiles quick or slow, strong or weak pulse, ot 
Btqppag§ of the heart before the respiration, point to the ywo- 
ihotor system or cardiac nerves; increased or diminished secre- 
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tion, to secreting nen'^es ; ami full or empty blad<ler, and 
diminished or increased peristalsis, to the motor nerves of the 
bladder or intestine. We then try the efTect of a small dose 
and note in what res^KJct it didera from that of a large one. 
We thus ascertain in a general way what the organ is, which 
is chiefly acted on by any drug, and afterwards proceed to 
investigate the nature of the action by a fartlier scries of 
e.xperimcnts. 

Minimim Fatal Dose . — If the drug be poisonous, Ave then try 
to ascertain the minimum fatal dose. For this purpose we 
weigh an animal and inject into it a dose which we think will 
not prove fatal, wait a short while, and then inject more till 
death is produced. We then reckon how much of the drug has 
been injected for every pound weight of the animal. We take 
another animal, and inject into it at oim- a quantity which will 
be somewhat smaller for its body-weight than that given to the 
first. The reason why a somewhat smaller quantity should be 
taken is, that some time was allowed in the former experiment 
for the excretion of part of the poison between each dose. If 
this amount prove fatal, we must give a still smaller quantity 
to another animal ; hut, if not, we must give more till we find 
the smallest quantity which will kUl. 

Variotis Channels of Administration . — ^The next point to be 
determined is, whether the effects are the same when given by 
the mouth or rectum, or other mucous surfaces, as by sub- 
cutaneous injection. If we should find, as Bernard did with 
curare, that a sulistanco which is active when injected sub- 
cutaneously or into a vein, lias no effect wlion introduced into 
the mouth, rectum, eye, or bladder, we must determine whether 
this is due to want of absorption or to decomposition of the 
drug by the secretions with which it becomes mixed. This is 
done by mixing it with these secretions, such as urine or gastric 
juice,, allowing it to stand some time at the temperature of the 
body, and then injecting the mixture subcutaneously, and 
obseiwing whether the usual eflect is produced or not; or by 
ligaturing the ureters to prevent excretion. 

.Erercihw.— -Ijistly, we examine in what manner it is CiBreted 
fronl the body. As most solids are excreted by tlie kidney, we 
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generally restrict this process to evaporating the urine, or 
testing it either chemically or by injecting some of the extract 
into another animal. 

* Mode of Scnirin;) Animah, — In order to determine ki an 
exacft manner what organs or parts are afl'octed, we are obliged 
to make use of apparatus of various kinds; and, tefore these 
can be applied to an animal, it must be prevented from moving. 
Frogs are fastened to a frog-board by a piece of cord with a 
noose at the end, slipped over each elbow and ankle. The frog- 
board may consist of a piece of mill-board abo\it 9 inches long by 
3 inches broad, with four slits at the sides to keep the cords in 
position, or of a piece of wood the same size, and from a quarter 
to half an incli thick, with holes, through winch the cords are 
passed. They may be fastened by simply tying them together 
or by sticking a small wooden pin into (iach hole, or by four 
screws, such as are used by fastening the wires of galvanic 
liatteries, i)laced in the edges of the board. The last way is, I 
think, the most convenient. Kabbits are best secured \w 
Czermak’s holder and board (shown in Fig. 12(5). The best cord 
strong window-cord. The one end should be flattened with a 
iiaminer, and turned over so as to make a sn)all loop, whose 
two sides are tlien firmly bound together with waxed thread. 
Through this loop the otlier end is passed, and the noose thus 
made is ready to be drawn tight at any moment. The other 
end of the cord should be cut to a ])oiiit and also bound with 
waxed thread to prevent the strands unravelling. Tlje rabbit is 
plpf^d on the board, the nooses slipped over tlie legs and drawn 
tight, and the ends of cadi cord passed through the screw which 
will be nearest it when the animal lies on its back. The rabbit 
is then turned over, and the cords drawn through the screws 
and fastened. Tlie bar h is then put between its teeth, and tho 
screw i turned till .^/ and / fit tightly over its muzzle, and the 
projecting ends of (j fixed into the ends of /. Dogs may be 
fastened by Bernard s holder (Fig. 127a), or by a simple bar of 
iron put behind their canine teeth. A piece of cord is first tied 
round the upper jaw, the bar put into the mouth, and the two 
jaws ti^l fiimil^^ A split trap may be used instead of 

the cord, 1 have had a bar made with a hole at each end, into 
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Czormali’s Rabbit IToldcr and Board. A, Tbo board, b, A boat piece of 
iron forming the u|)])er part of the board, c, An open space through which 
instrrimoiit.3 can be introduced from below to divide tlie spinal cord. It is 
•jonerallv covered by an iron idate. B is an upright r id fixed by a screw into 
a slit ill c. / is a forked rod, which can bo moved back or forward, up or 
down, l^y tbe nut e. 'J'hc forks are hollow, so that the cuds of ihc holder can 
be passo.l into them and fastened by the screwy, h is a bar wliicdi passes 
behind l iie incisor teeth of <he rabbit. // and are two bent bars wliicli pas.s 
'^:^der the chin and over the nose of the animal, and are brought togolher by 
the screw k. Rrom the upper end of // hangs a screw, which passes between 
two projections on //, and lias a mother* screw The screw /c works against 
the projeetion.s on//, and draw.s the cuds of //' and // together. These press on 
the rabbit nose and under jaw and keep the teeth firmly locked over the 
rod h. m m are screws for fixing the cords which confine the Icg.s. They are 
a remarkaVily Convenient sort, consisting of an outer pirt with a horizontal 
hole, and an inner ring with a stalk on which a milled screw plays. When the 
milled head is at the top of the stalk, the inner ring and outer holes corre- 
spond, and the cord can then bo easily pushed through; hut when the milled 
head is turned, the stalk and ring are drawm up and the cord nipped between 
it and tbe outer ]mrt. The cords may either be fastened directly in the screw 
or passed first through one of the holes in the edge of the board. The board 
should be covered with a large pad of india-rubber slufled with horse hair, and 
there should be anotlior round inllow to put under the aiiiraars neck. 

which a fork of steel i)asses, and is secured hy a screw. The 
fork may then he fastened by a nut to an upright rod, as in 
Czermak’s liolder (Fig. 127i}). Oats and guinea-pigs may he fast- 
ened by Czermuk's liolder. For guinea-pigs, a little padding 
must bo placed between g and g' in order to make them catch 
the head. A simple bar and cord may also be ’used for rabbits, 
cats, and guinea-pigs, as well as for dogs. 

- jTuaniments required. — ^The iustnnuouts which we generally 
teqivire for operations are — sponges, one pair of laiige scissora 
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A is Bernard’s dog-holder, a is a metal ring, within which a bent piece of 
metal, d, is mored up and down by the screw <?. h is a straight piece, whi^i is 
fastened by a screw to and can bo moved nearer to or farther from a corre- 
sponding piece at 6. These two pieces lie under the lower jaw' of the dog ; the 
bent piece h is screwed down on its nose, and the strap i buckled behind its 
head, which is thus firmly fixed. It may be moved back or forward by sliding 
the ^od d through the nut e, or up and down by moving e on fj which is a 
strong iron rod fastened to a table or board by the screw ff. 

B, Brunt-on’s holder for dogs or rabbits. A loop of cord is tied round the 
I'he bar I passed behind the canine teeth of the dog or cat or 
incisors of the rabbit, and the two jaw's then tied together to prevent its 
slipping out. This mode of fastening animals has been long \iscd, and my 
modification simply consists in the addition of the forked bar k. After / is 
fastened in the mouth, the forked ends of k arc pushed through holes in /, and 
fastened by the screws m, k may then bo fastened to an upright bar by moans 
of a nut in tho same way as Bernard’s or Czermak’s holder. 

and one small pair, cutting well at the points, scalpels, forceps, 
small bull-dog forceps with smooth points, blunt hooks, a sm*!.ll 
aneurism-needle, flattened sidewise and with a rounded point 
(Fig. 128 g), ligatures, finder (a kind of probe set in a handle to 
open up the lumen of a divided vessel), syringe, cannulse, a 
piece of card, small whalebone-probe, and one or two swine’s 
bristles. As these are very apt to be mislaid during an opera-; 
tion, I find it convenient to have a small wooden tray ahoiit 
three-ijuj^rs of an inch deep, with thin upright sides, and 
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divided into compartments, one for each kind of instrument. 
It is advisable, also, to have an extra instrument or two of each 
sort. , 

Way of Making Cannulce. — Cannul® for injecting into vessels 
may be made of metal (Fig. 128c) or of glass. Glass ones can 
be easily made of any size required by heating a piece of glass- 

Fio. 128 . 



A ie a metal cannula witli an ear e, by which it can bo fautened to any tube 
connected with its large end. b is an instrument for introducing A i^o a 
Tcssel. it consists of a piece of metal tubing, with a iiointed piece of wood at 
one end, over which A is put. The point projects through the small opening 
in A, so as to enter the lumen of the vessel readily, c is a metal cannula 
which iits on the end of a syringe for injecting fluids into vessels. i> is a glass 
cannula. The dotted line shows the original tube drawn out in the blow-pipe 
flame; the darker line show’s the flnished cannula, e and F are two pieces of 
glass tubing drawn out to make pens. They may be attached by pieces of cork 
to any writing apparatus, o is an aneurLsm-noedle. 

tubing over the flame of a blovr-pipe, and drawing it out in the 
middle, as represented by the dotted line (Fig. 128r>). It is then 
heated at a and slightly drawn out, so that a luilging piece is 
left tetween a and c ; it may then be heated and very slightly 
drawn out at b, then cut with a three-cornered file at c, and the 
point ground obliquely off on a hone. If the point bo at all 
sharp, its edges may be rounded in a gas-flame. When the 
cannula is introduced into a vessel, a ligature at a prevents it 
from coming out : it may be connected with a syringe or with 
any piece of apparatus by a piece of india-rubber slipped over 
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tlie other end and tied at 7j. A cannula for connecting an artery 
with a kymographion may either he of ; this sort, or may be 
made of metal of the shape shown in Fig. 128 a. As it ig difficult 
to hold it with forceps, it should be jjut on a piece of wood or 
whalelione of the shape shown at n. This both holds it firmly, 
and the point entering the vessel allows the cannula to be more 
readily pushed on into the lumen. A few notches on the side 
of the cannula prevent the vesso-l and ligature with which it has 
been tied from slipping off the end. Ily moans of the little ear 
at e, it can be tied to the tube, on te which it is fitted. 

Mode of Maldng Cannula’, T-tul/en, and. Pens. — Catmulte for 
the trachea are made by closing one end of a tube, directing a 
small blow-pipe flame agjunst a point in its side till it is cpiito 
soft, and then suddenly blowing into it. Tlie soft part expands 
into a thin bulb, which is scraped off, and a hole lernains in the 
side of the tnlie. Tlie object of tliis hole is to allow tlie air to 
escape during expiration. .Instead of a hole in the cannula, 
one may he cut in the side of the india-rubber tube to whieh it 
is connected ; but this is jnore apt to be accidentally closed. 
Tlie tube is tlion drawn out into the form seen at Fig. 129.\, 
p. 2G2, cut off at both ends, and one end ground oblupiely off 
on a sambstorie w ith some water. 

A knob may Ijc made at the ends of other canmdfe for 
various purposes, by lieating the end and sUikiiig it against a 
piece of gla.ss or iron, or by beating tlio end in a flame, continu- 
ing to blow steadily through the tube wliile you do so. 

.T-tulies are made by blowing a hole in the side of one tube, 
in tlie same way as for a rcspiiation-caunula ; and then putting 
the heateil end of another tube over it while the first is still 
Jiot, so that the two stick together. The joint must then be 
annealed by heating it in an ordinary gas-llame, reducing the 
size of the flame gradually, so that the ^lass may cool very 
sbiwly. 

Pens for use with a kymograpliion are made by drawing 
tubes to a point, as sliowu in Fig. .128, E and F, and grinding the 
point on a fipe hone, and rounding it, if iiecessaiy, in the 
■/flame. ' ■.■ "v'-'t : ■ 

AnmaJs . — ^Xarcotica cannot be given in all cases 
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to wh:c!i we experiment, as their action must to a 

certain extent complicate tliat of the drug which wo wish to 
investigate* We cannot use them wlien we are obseiwing what 
are tlie general symptoms which a modicine produces. But, 
when we are investigating its action on particular organs, we 
may often use tlieiii, not only with safety, but with advantage, 
when they have no action on the particular organ which we are 
studying, or so little that its disturbing iiillueiice is more than 
ccinpeiisated by the diminished muscular action, and conse- 
(pient ease in performing the experiment, which narcotics 
produce. 

It is almost unnecessary to say that, in all cases which admit 
of it, narcotics should be used, as we have no right to inflict 
any unnecessary pain, altliough we may be justifled in taking 
the lives of the lower animals in order to preserve the more 
valuable life of man, either by su|)i)jyiug him with food by 
means of those killed in the slaughter-house, or by obtaining 
tli^kuowledge which shall enable us to cure disease by means 
of those killed in our experiments. The narcotics which we 
use are opium and chloral. Cldoroform is inadmissible, as its 
administration generally seems to cause dogs more pain tliau 
the experiment itself, and rabbits are very easily killed l>y it.* 

A convenient form of giving chloral is a solution containing 
half a grain in 1 minim or 1 gram in 2 c c. of water. The 
dose for a frog is 2 to 5 centigrams, or about 1 to 5 drops. 
Tlie dose for guinea-pigs is about 12 miniins of this solution 
for an animal half a pound weight; and more or less may 
be given, according to the weight of the animal, 18 minims 
being given to one weighing three-quarters of a pound, and 24 
to one weighing a pound. About the same proportion of dose 
to weight may be employed for rabbitsS. 

Opium may be given in the form of landan\ini, or of solution 
of acetate or hydroclilorate of morphia. Much as it is used, 
the proper dose lor different animals has not been exactly de- 
termined. We do not often employ it to narcotise guinea-i)igs 
or rabbits, but frequently for dogs. The dose for a medium- 
Bizcd dog is about 40 minims or c.c. of laudanum, or 

* This statement is erroneous, p, 336. 
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5 drachms of liquor raorphiai, which is equal to 1 grain Or 
5 ceutigjums of morphia. Tliis dose is for injection into a 
vein: ?fhen injected subcutaneously, rather more should be 
given. If the dog be above or below middle size, the dose must 
ite proportionately increased or diminished. We must be care- 
ful not to give too much oj)ium to old dogs, or they will die. 
Opium is preferred by some to morphia, as producing more 
certain narcosis, and being less likely to produce the excitement 
and hyperajsthesia which sometimes follow the administiution 
■of morphia. 

When we wish to render the animal absolutely motionless, or 
to observe what effect any drug will produce after the motor 
nerves have been paralysed, wo give curare. Small doses of 
this remarkable substance paralyse the motor nerves of muscles, 
but leave the vagi and vaso-motor nerves unaffected. Large 
doses of it seem also to cause paralysis of tlie vagi. It affects 
the blood-pressure to a certain extent, moderate doses contract- 
ing the vessels and raising the pressure, while large ones Iq^wer 
it. The dose of curare for a frog is about 1 to 5 drops or moi-e 
of a solution of 1 part in 1000. The dose varies with the size 
of the frog and the purpose for whicli we wish it. If we wish 
to observe the cireulation microscopically, we must not give too 
large a dose, or the heart may stop. To rabbits, J to 1 c.c. or 8 
to 15 minims, and to dogs, 4 to 6 c.o, or 1 to 2 drachms, of such 
a solution, may be given.* 

Definite rules cannot be laid down as to the experiments in 
which narcotics may or may not be used. The experimenter 
himself must judge in each cose whether their action is likely 
to disturb that of the drug to be experimented on or not. For 
this purpose, he must know the action which the narcotics them- 
selves produce; and I will, therefore, mention in a few words 
what that of each is. 

Action of Narcotics . — Chloral acts on the brain, producing 
d0op sleep, during which there is no sensation or voluntary 
motion. The reflex function of the spinal cord is first increased 
and then diminished in frogs; in guinea-pigs and rabbits, it is 

' * Ptirare may be obtiiitied from MeasM. Hopkin and Wifliams, ClaTbb* 
d;»b Street, London j or frem Briickiier and Lampe, Leipztj^ 
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diminished for thermal irritations, but not for tactile ones— 
pinching producing reflex action, hut hiirniiig or pricking none. 
It leaves the motor nerves, vagus, and muscles unaffected; but 
diminisAies the activity of the respiratory nervous centre, 
rendering tliC breathing slow, and of the cardiac ganglia, 
somewhat weakening the heart. It lessens the blood-pressure 
and temperature, probably by dilating the vessels at the surface, 
as the ear of a rabbit becomes hot and its vessels dilated, while 
the general temperature is falling. 

Opium is a mixture of several alkaloids, some of vdiich are 
purely narcotic, while others produce tetanic sj)asms just like 
strychnia, and others partake of both characters. This is the 
case with morphia, in which, however, the narcotic qualities 
predominate. In small doses it first slightly iTicreasos, and 
then diminishes the irritability of motor and sensory nerves, 
the reflex action, of the cord, the irritability of the vagus (ends 
and central roots), the muscnlo-motor apparatus of the heart, 
anc^ the temperature. If the dose be large, those functions 
may bo at once lessened. The blood-pressure varies, but is 
generally raised. 

The advantage of giving either a narcotic or the drug to be 
investigated by injection into a vein rather than subcutaneously 
is, that the Jiction is iimnediate, and we know that the whole of 
the dose has taken effect; whereas, after subcutaneous injec- 
tion, a part may remain for some time in the cellular tissue 
before it enters the blood and becomes active. The most con- 
venient vein is the external jugular. In dogvS, however, it is 
sometimes more convenient to inject the narcotic into a vein 
which runs o])liquely across the outside of the hind knee-joint. 
Before injecting, we must introduce a cannula into tlie vein; 
and the introduction of a catnuila into a vessel is an operation 
on the proper performance of which the success of many an 
experiment depends. 

Introduction of Cannnlco into Vessels , — First the hair must 
be cleanly clipped or shaved away, and loose hairs removed by 
a moist sponge. The skin, subcutaneous cellular tissue, and 
cutaneous inusclegy ^re divided with a scalpel, and any bleeding 
vessels are twisted or ligatured. If the vessel lie deep, the 

s 2 
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muscles are separated fi’om each other by the finger of the 
operator, or by a bhint aneiirism-needle, and any unyielding 
ponnective-tissue may be cut by a pair of scissors. That sur- 
rounding the vessel itself should be separated from itiby the 
aneurism-needle. A closed pair of forceps may be pushed 
under the vessel and then opened. This both raises it from its 
bed, and lays bare a considerable part of its course. A couple 
of ligatures are now caught between the jaws of the forceps and 
drawn thi’ougli. The proximal end of the e.xposed part of the 
vessel is now compressed by a pair of smooth-pointed bull -dog 
forceps, or a ligature laid in a simple slip-knot ; one ligature, is 
firmly tied roimd the distal end, and the second ligature is tied 
in a loop round the middle, but is not drawn tight. A small 
piece of calling card, about an eighth of an inch broad, is then 
slipped under the vessel, so that it may rest on it and remain 
steady: its walls are then snipped by a 8liari)-pointed pair of 
scissors just on the distal side of the loop. The finder, or 
aneurism-needle, may be introduced so as to make tlie opeying 
more distinct, and, if necessary, this may be enlarged by the 
points of tho forceps being introduced, and tlien separated; 
One lip of the divided vos.sel is seized by the forceps, the 
cannula introduced, and tire loop drawn tight over it so as to tie 
it firmly into the vessel. The cannula is then filled hy a small 
glass pipette with the fluid to he injected, the syringe is fitted: 
on, the bull-dog forceps removed, and tho recpiisite amount in- 
jected. The bulldogs are again put on, and the syringe removed. 

fnjeetion of Fluich into Vessels. — First, we prepare the solution 
to be injected in a test or a watcli-glass, and see that the syringe 
is in working order. The most convenient is one for sub- 
cutaneous injection, with a glass baiTol and a graduated piston. 
On the piston-rod a small nut screws up and down, so that it. 
can be set to any figure on tho rod, and thus prevents it from 
being any furtlier pushed in, so as to allow the exact amount 
required to be given at once, but prevent the accidental injec- 
tion of more than this amount. Tho end of the barrel must 
either fit directly into a cannula of the shape shown in Fig. 128, 
C,or it may be adapted to a glass cUnnula by tying a smdll piece 
of india-rubber tubing to the caimula. The cannula is then 
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introduced into the vessel as already described. A fine pipette 
must be at hand, made by drawing a piece of glass tubing to a 
point, and by this tlie cannula, or cannulte with tlie attfxched 
india-rubber tubing, niiist be carefully filled with tire fluid, so 
that no air-bubbles remain. Tlie syringe is then connected to 
it, the slip-knot of the ligature untied, or the bulldogs com- 
pressing the vessel in fi'ont of the cannula removed, and tlio 
necessary amount injected. The slip-knot is then re-tied, or the 
bulldogs replaced, if a second dose is to be given. If no more 
is to be injected, the vessel may be firmly ligatui-ed. 

Division and Irritation of Nerves . — The nerve must be laid 
bare, and separated from the surrounding connective tis.sne in 
the same way as a vessel, especial care being taken never to 
.seize the nerve itself with the forceps. Blood must be removed 
by a sponge squeezed quite dry, and the nerve must on no 
account bo touched with water. If we wish to remove any 
adhering clot, or if the nerve happen to get dry through long 
exposure, it may be moistened with a little saliva or serum. A 
director is then pushed under the nerve, or we raise it up by a 
ligature passed below it, .so as to secui’e the adjoining vessels 
from injury, and we then divide it by a pair of scissors. Very 
often we wish to have the nerve prepared for section some time 
before we actually divide it. We then pass the ligature under 
it and tie the two ends together, so as to prevent the ligature 
from being pulled from below the nerve, and thus form a loose 
loop by which we can at any moment raise and divide the 
nerve. 

Nerves may be irritated by pinching, the application of strong 
saline solutions, or heat ; but more generally we use Pulver- 
inacher’s galvanic forceps, which are made of alternate wires of 
copper and zinc, and dipped in acetic acid, or, still oftener, the 
interrupted current from Du Bois Kaymond’s induction coil. 
The most convenient electrodes for this purpose consist of two 
wire points, about a quarter to half an inch long, and an eighth 
to a quarter of an inch apart. They may either be set in an ivory 
handle, or they may be simply fixed in a piece of glass tubing 
by means of cement or sealing-wax, or simply pushed through a 
piece of cork. 
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•. Arlificidl Respiration in Mammals . — Artificial respiration is 
ehiefiy used to keep an animal alive after it has been poisoned 
with curare, for the purpose of rendering it perfectly still during 
an experiment : or after the thoracic cavity has been opened for 
observation or experiment on the viscera it contains. It is per- 
formed by introducing a cannula into the trachea, and inflating 
the lungs by means of a bellows connected with it by india- 
rubber tubing. 

Fia. 129. 




A is a glass cannula for artificial respiration, large enough for a small dog. 
A hole for the exit of expired air is seen in the side. B a metal one for a 
rabbit. The hole for expiration is at the top, and not visible in the figure. 
The lower part of tiic cannula can be turned round upon tlao upper at a joint 
about ono-*third of the way from the top, not marked in tlie figure. The tube 
Trhieh conveys air can thus be brought from the side instead of the front. 

To introduce the cannula, an incision is made in the middle 
line below the cricoid cartilage through the skin and cutaneous 
muscles ; the lar’ger muscles lying along the side of the trachea 
are separated from it by an anemism-needle or the handle of 
the knife, and a strong ligature is passed under it liy an 
aheunsm-needlo or forceps, care being taken to avoid the veins 
virhich lie close to its posterior wall. A round or oval piec^ 
must then he cut out of the front of it by the .scissors or knife, 
and the cannula introduced, and tied firmly in by the ligature. 

' When the knea-sliaped metal cannula is used, it is advisable 
td push the heel of the cannula into the trachea^ so that the 
tubs lies (j^uite in its lumen. After the cannula has been tied 
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into thie trachfta, the en<Js of the ligature may he fastened round 
the upright bend of the knee, to ensure that it do not slip out. 
The b^lows may be simply held in the hand, or fastened to the 
under hide of a table by means of a piece of board screwed to 
its upper side and larger than the bellows itself, so that there is 
a rim of board all round. A few screws passed through this 
projecting rim into the under side of the table hold the bellows 
fast. A small ijulley (one used for w'indow-bliuds will do) is 
then screwed into the under side of the table, and a cord passed 
over it. One end of the cor’d is fastened to a piece of board a 
foot and a half or two feet long, which serves as a treadle ; and 
the other end to the under board of the hello w.s, so that it may 
]je drawn up when the treadle is pressed down by the foot. A 
Weight must Ire attached to the under board of the bellows, in 
order to draw it down again after it has been raised. The 
respiration is kept regular by depressing the treadle in accord- 
ance with the beat of a metronome set to beat the proper 
nwmlrer in a minute. 

The apparatus may be rendered more complete by the intro- 
duction between the bellows and trachea of a valve which will 
allow the air to pass readily towaiils the trachea, but hinder its 
return. Such a valve may be readily made by passing two 
pieces of glass tulniig through the cork of a wide-mouthed 
bottle, and partially filling it with mercury or water. The tube 
nearest the bellows must descend nearly to the bottom of the 
bottle, while the other just passes through the cork. The air 
from the bellows passes easily through the mercury or water in 
which the end of one tube dips ; but any attempt to return 
simply raises the mercury in the tube. If water be used, the 
tube must be longer, so that it may contain a column of water 
sufficiently high to afford the necessai’y resistance to the return 
of the air. This sort of valve is termed Muller’s valve. 

(jfig. xao, V.) 

■ Artificial Be fpiration in the Frog . — Although the frog can 
live perfectly well for some time witliout breathing, it may be 
desirable in some experiments to employ artificial respiration. 
A cannula for this purpose is best made by heating the end of 
a glass tube about one-eighth of an inch in diameter (more oy 
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less, occor di ig to the size of the frog), and then suddenly pres- 
sing it down on a metal plate, so tliat a broad rim is fonnod 
round the end. Tlie sides of the larynx are seized 1|;fy two 
artery forceps, tlie cannula introduced, and tied firmly in. A 
Kicliardsou’s spray-producer, from wdiich the tubes have been 
I’emoved, is then connected with it and used as a bellows. 

Introduction of Gems or Vapours into the lAings, — Gases or 
vapours may be introduced into the lungs either by simple 
inhalation or by artificial respiration. For the inlialatioii of a 
gas, a conical bag of oilskin, india-rubber, or bladder, must be 
made to fit the snout of the animal, and connected with a bag, 
bladder, or gas-holder containing the gas. Or a tube may bo 
put into the trachea and connected with tlie gas-holder. 

For the inhalation of a vapour, a cone of strong pnx>er or 
cardboard may be used, the wide end being put over the muzzle, 
and the liquid, the vnpoiir of which is to be inhaled, dropped on 
a piece of blotting-pnper and put on the small end. Or tlie 
whole cone may be made of blotting-paper. \ 

Many diflerent kinds of apparatus have been used for the 
artificial respiration of gases, among which may be men- 
tioned the ingenious instrument of Thivy and tlie beautiful 
respiration-pump of Ludwig. The simplest mctliod probably is 
to have tlie gas in a bag, connected by means of the bottle or 
Muller's valve with the tracheal cannula. The gas may then 
be forced into the lung at intervals, by alternately compressing 
and relaxing the bag. 

Air may be loaded with the vapour of any kind of fluid before 
it 15? sent into the lungs, either by mixing the fluid with the 
water in the bottle-valve, or by emptying out the water and 
putting a little of the fluid alone on the bottom of the bottle. 
Pure air or air loaded with vapour may be sent into the lungs 
alternately by the arrangement sliown in Fig. 130. A stream of 
air is sent from the l)ellows through the india-rubber tube s, 
and divided into two by the T-tube t'. When the clip x is 
removed, and x' put on, the air x>asses straight through to the 
tracheal cannula 2. If x be now put on, and x' removed, the 
air passes through v (Muller's valve), and becomes loaded with 
yajM^ur of any fluul placed m 



MCIvLEU'S valve— ebun ton’s stopcock. 
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Yhe alternation may be effected still more rapidly and con- 
veniently by a stopcock which I have had made for this pur- 
pose. Jvfo tubes, c and c', pass from its sides, and two others 
I) and'O', from its bottom. The interior is perforated with 
three holes. Two of these, E and e', are L-.shaped, and one (f) 
passes straight through from side to side. When the liandle n 
is in a line with c and c', their lumen corresponds with that of 

Fia. 130. 



A. Brunton’s rtopcock. T. ralve. 

the hole F, and nir passes straight through. When r. is trans^ 
verse, the hole E corresponds with c and D, and e' witli c or i)', 
so tliat air passing in tlu'ougli c' passes down tlirougli i)', and 
may pass iip througii i) and out at c. When n is neither in a 
line Avith c nor yet traiiSA^erse, hut half-way between, the holes 
in tl:ie interior do not correspond with those on the exterior of 
the stopcock, and no air can pass at all, and it may thus l>e 
used for experiments on asphyxia. When such experiments 
'are made, the hole in the tracheal cannula must be carefully 
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stopped with white wax. By means of the screw G the stop- 
cock may be fastened to the lod E of the rabbit-hold in Fig. 1. 
The tubes D and d' may either be attached by pieces india- 
riibber tubing to tubes of a bottle such as v, or they Suay be 
themselves passed through the cork and a small piece of glass 
tubing long enough to reach the bottom of the bottle attaclied 
to 0^ By then simply turning the stopcock, pure air may be 
passed direct to the lungs through c', F, and c, or it may be 
loaded with vapour by passing it tlirough I)' into the bottle, and 
then up through D and c to the lungs. 

III. Autificial Circul.vtion: Investigation of Blood- 

rKESSUUE. 

{^rUish Medical Journal^ 1871, June 3, p. 5S1.) 

Artifiuial Circulation of Blood. — Circulation of Warm and of Cold Blood. — 
Fever. — Mode of Conducting Artificial Circulation. — Application of this 
Method to Pharmacological Investigations. — Schema of the Circulation. — 
Circulation in the Living Body, — Importance of the Arterial Elasticitj]/.- — 
Arieriul Tcnsioti or Blood- Pressure. — Oscillations in it produced by the 
Heart and Bespiration. — Causes of Variation in the Blood-Pressure.— 
Influence of Nerves upon it. — Cardiac Ganglia. — Inhibitory Nerves of Heart. 
—Quickening Nerves of Heart. —Vaso-motor Nerves. — Vaso-inbibitory 
Nerves, — Action of Counter-iiTitants. — Tabular View of U]o Causes of altered 
Pulse-Bate and Blood- Pressure. — Application of this to Pathology. — Experi- 
mental Examination of Blood-Pressure. — Forms of Manometer. — Kymogra- 
phion. — Mode of u«ng the Kyniograpbion. — Reduction of the Kymo- 
grnphion Tracings. — Mode of recording Experiments. — Graphic Method of 
representing Experiments. 

Circulation of Blood. — A constant supply of arterial 
blood to all parts of the body is necessary to preserve their 
vitality ; and if the supply to any part be cut off by stopping its 
circulation, that imrt will die. Thus, if the circulation be 
stopped in an arm or leg by tying its arteries, or through 
their becoming plugged by emljoli, mortification, or death of 
the part, ensues ; and if the heart cease to beat, and the eirca- 
lation be thus stopped in all parts of tlie body, they all die. 
But, if we supply arterial blood artificially to any one part, W 
inay iceep it alive at least for a certain time after the rest of 
Uie ainmal is (lead ; and the muscles may be inode to contract, 
tkeiuhgs to excrete carbonic acid, the lymphatics to pour forjili; 



tympb, and the excised liver to secrete bile, for hours after the 
rest of the animal has been consigned to the dust-bin. 

Circtilcdion of Warm and Cold Blood. — For this purpase, 
blood inay be used either at the temjxirature of the room or of 
the body ; but these have not exactly the same effect, and experi- 
ments made with blood at one temperature must not be com- 
pared indiscriminately with those made with blood at another. 
Professor Ludwig, to whom we owe this method, has discovered 
by its means the curious fact tliat tlie muscles of a warm- 
blooded animal may be artificially endowed with the pro- 
perties of those of a cold-blooded one. Those of a frog or other 
cold-blooded animal retain their irritability, and contract, 
when stimidated, for a long time after they have been removed 
from the body ; while those of warm-blooded animals quickly 
lose theirs, and will no longer contract on the application of a 
stimulus, no matter how powerful it may be. But if the 
muscle of the warm-blooded animal be quickly cooled by pass- 
ing a stream of cold blood through its vessels immediately after 
it has been exci.sed from the body, and before it is stitnulated, 
it will retain its irritability for a long time, and respond to 
stimuli again and again, like that of the cold-blooded frog. 

Fever. — In the same way, by sni)plying tlie heart of a mammal 
with cold blood, it may be made to I’esemble that of a frog or 
turtle; while, on the other hand, if the heart of a frog be 
sui)pliod with warm blood, it will become like that of a mammal ; 
aud if the temperature be still further raised the quick and 
weak beats of fever are produced. 

Mode of Conducting Artificial Circulation. — AVhen we wish to 
p.ass blood, at the ordinary tempemtui’e of the room in which 
we are working, through any organ, we dchbrinate the blood of 
the animal itself from which the organ has been obtained, or 
the blood of an animal of the same species ; dilute it some-; 
what with salt solution of 1 per cent. ; and put it into a flask 
with two necks, one of which is near the bottom of the flask, 
as seen at a. Fig. Ibl. AlTe then introduce a cannula into the 
principal artery of the organ, and ligature, if necessary, the 
waller arteries and branches; fill it carefully with blood by 
means of a fine pipette, so that no air-bubl>le remains in it, and 
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connect it witli the lower neck of the flask. By then simply 
raising the flask, the blood flows out of it through- the 
cannula into the vessels, and out again by the veins^, from 
■which it may be collected, shaken with air, and used over again. 

the lips of the divided veins are souietimes apt to fsdl 
together and hinder the exit of blood, it is advisable to put a 
cannula into them as well; and great care must be paid to the 
adjustment of these, in order that they may be fairly in a line 
with the lumen of the vein, and not form an angle with it, 
viiich would present an obstruction to the flow of blood from it. 

For the purpose of passing a stream of blood at the tempera- 
ture of the body, we use the same apparatus ; but the flask con- 
taining blood (E, Fig. 1.‘31) is then placed in a water-batli, kept 
constantly heated to 98° F. As this prevents us from con- 
veniently raising the flask high enough to obtain the pressure 
required to carry on the cii-evdation, we supply the want by 
compressing the air in the upper half of the flask, E, by means 
cf two other bottles, A and c, containing mercury or water. On 
raising A, the fluid which it contains runs into c, and compresses 
the air in its upper half ; and as this communicates with E by 
an india-rubber tube, the pi'cssiire is freely transmitted to it, 
and exerted on the surface of the blood wliich it contains. 

Application of this Method to Pharmacological Investigations. 
—Besides its use in the experiments of Ludwig and his pupils 
on the secretion of bile and the formation of lymph, this method 
has been used by Cyon to show that \irea is formed in the 
liver; hut, so far as I know, no experiments on the action 
cf medicines have yet been made by its means. It may seem, 
then, a strange thing that 1 should mention, in a course of 
•experimental pharmacology, a mode of research which as yet 
has only been tried in physiology ; hut the good service it has 
already done the physiologist, and tlie splendid promise it gives 
to \is, are, I think, a sufficient excuse. For we can thus take 
two similar organs, or two parts of the same organ, and supply 
them with the same blood, at the same temperature and the 
same pressure— in short, we may put them under exactly the 
same external conditions ; hut to the blood supplying the one 
Wp iijay add any drug whose action on the organ we wish to 
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A aiul c, Bottles containing mercury or \Tiiter. u, Wootlen blocks, by wbiolf 
A may be raised to the required bcight. If water be useti, it is easier to suspend 
it from a pulley in the ceiling, so as to get sutHcient pressure. D is ii manometer,, 
to estimate the pressure in c and e. e is a bottle containing blood, k is a small 
stand to raise tbc bottle B from tbe bottom of G, as it is otliorwis':* apt to become 
too warm, tiud the bottom of the bottle cracks, or the blood is decomposed. G, a 
tin watcr-biitli. At one side of it is a trough with hollow sides, into which tlu^- 
warm water froel}" passss, and in which the organ to be experimented on may be 
laid. H is an iron stand supporting G. J is a Mitsclierlich's burner, k is a 
tiiermometer, by whicli the temperature of the water-bath is examined. 
L, Bunsen’s gas regulator, as modified by Gcisslcr. This apparatus consists of a 
wide glass tube, w, divided into two parts by a septum, from the middle of 
which a tube runs down nearly to the end of w. The upper part is filled with 
mercury, wliicb, of course, runs down the. inner tube and fills the bottom of w, 
compressing the air in it. A perforated cork, z, is then put into the upper part- 
of w, and the tube y pushed through the hole in its centre. Inside Y, and 
shorter than it, is a second tube x, and tlio two ai*c sealed to one another at their 
upper cuds. The tube Y is tlien connected to a gas-pipe, and X to Mitschcrlicli’s 
burner, by india-rubber tubing. So long as Y is not pushed so deeply into w 
that tlie point of x dips into the mercury, the gas enters through Y, passes dowm 
between Y and X, conics up again tlirougli X, and goes to the burner. The 
apparatus is now^ set by dipping it into the water-bath, and heating the water to 
hS'’, or any other tempera turo desired, and thou pushing Y down till the point of 
X ii just covered by the mercury. The passage of gas through it is at once 
stopped, and the flame would go out were it not that a very small hole in the 
side of X admits just enouglj gas to keep it alive. As the flame gets low, the 
temperature of the water-bath above it diminishes, the air and mercury in tv 
contract and leave the end of X open, so that the gas again passes freely to the 
burner, and the flame becomes larger. The water-bath now regains its former 
temperature, the air and mercury cxfiand, the end of x is again closed, aiid 
again the flame becomes small. By this apparatus a water-bath may be kept for 
a very long time without varying more than half a degree. 

tesfc We can analyse the blood flowing into, and that flowing 
from, the substance of tlie organs before and after the experi- 
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irteut, the lymph produced, or tlie seci'etion poured forth ; 
and by comfwirinjr the results when the. dmg was added with 
those obtained when it. was \vithlield,,-we - n)ay, J think, gain 
such a kjiowledge of its action aa could be got in n<^ other 

■"W- 

of the Cii'evlation , — In the living body, a constant 
streani of blood is kept up in the. vessels, in exactly the same 
Avay that a constant current ,of air is inoduced in liichardson’s 
spray-appaiatus. By reino^-ing thg. glass br metal lube from 
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Simple Mshemn of the circulation, consiiftinK of a upray-prodcccr, bladder, and 
mercurial manometir. The elaslic boll reijresenls the licarfc; the elastic 
bt^, covered with netting to prevent too great distension, represents the 
aorta and arterial system j and the bladder represents the venous system. 


one of these, atid attaching a nozzle with a small stopcock to 
the india-rubber tube in its stead, we obtain a very good schema 
of the circulation ; and, by imitating on it the changes wMcIi 
ocptir in tlie, heart and ves.sels, we may form a niucli clearer 
idea of them than we could otherwise do. The india-rubber 
.ball will represent the heart; the elastic bag, surrounded by 
jjiBtting, will represent the elastic aort{i and laiger arteries; and 
the stopcock, which regulates the size of the aperture througli 
which the air escapes, will represent the small arteries and 
capillaries, whose eoutraction or dilatation regulates the flow of 
blobd fronx the atteries into flie veins. If we turn the stop- 


eoek so as to present some resistance to. the escape of air, and 
then compress the india-rubber ball, very little air will issue 
from the stopcock even while we are squeezing the ball ; the 
greater ^art of it goes to distend the bag ; and, when we etjase 
to compress the ball, no air at all comes out from the stopcock. 
At the next squeeze, the bag becomes a little more distended ; 
and a little air issues from the stopcock, not only while we are 
compressing the ball, but even when we relax our grasp. At 
each squeeze of the ball, the elastic bag becomes tighter, 
till it is so tense and contracts so strongly on the air iu-sidej 
that it can jjrcss all the extra amount of air forced into it when 
the ball was compressed, out tlirougli the stopcock, during the 
time when the ball is relaxed. When tins is the case, every 
time we squeeze the ball we see the bag become a little fuller, 
aud air issue more quickly from the nozzle. At each relaxation, 
while the ball is refilling, the bag gets a little slacker, and the 
air passes out of the nozzle a little more slowly, but never stops 
entirely. During the time the ball is filling, the valves between 
it and the bag and nozzle are closed, and cut it off from any 
connexion with tlienr. All this time, then, the stream of air 
from the nozzle must be entirely independent of the ball ; it is 
produced by the contraction of the elastic bag, and by it alone. 
The bag may be stretched, and the tension of its walls increased 
in consequence, in two ways ; first, by working the ball mom 
quickly ; second, by lessening the opening of the nozzle, and 
thus hindering the passage of air through it. One trial will, I 
think, be enou.gh to show you how much easier it is to alter the 
])ressuro hy changing the size of the nozzle than by any alteration 
ill the working of the baU, and thus convince you that altera- 
tions iu blood-pressure probably depend much more on altera- 
tions in the lumen of the small arteries than on changes in the 
action of the heart. 

But our schema, as it at present exists, is not a perfect.repre-, 
seutation of the heart and vessels; for it draws its air from 
inexhaustible reservoir, the atmosphere, and is not obliged each 
time to use that amount alone which it had previously driven 
through the nozzle; while the heart can only use the bipod 
\vhich has been forced by it tlu’ough the capillaries and returned 
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lo it by tlite veins. In order to inalre 6«f Miema complete,' w© 
iftust connect its tw’o erids by tying them into a bladder or largo 
tliin caputclioHc bag (such as is used, after inflation, 'tfs a toy for 


childre«)>: so that tlio air shall pass into it from the nosf^le and 
be sucki^ outbf it by the elastic ball. This will represent the 
-Veins. If we then repeat the experiment just described, we 
find that, wlion we begin to work the ball and stretch the 
■ Silicic bag representing the arteries, the bladder, representing 
J^'Yeins, becomes empty and collapsed ; and just in proportion 
as we fill the bag do we empty the bladder. If we now stop, 
the air will gradually escape from the bag to tlie bladder, till 
both are equally tilled as they were at first. 

Circulation in tltn lAvhvj Body . — The phenomena of the cir- 
culation in the heart and vessels are very much the same as in 
the spray-producer. When the heart stands still (as when the 
vagus' is strongly galvanised), the blood Hows from the arteries 
into the veins till they are nearly full and the pressure inside 
both is about the same. If the heart now begin to beat, it 
forces blood into the elastic aorta and arteries at each systole, 
and distends them, just like the elastic bag of the spray- 
pypducer ; while at the same time it takes blood from the veins, 
and they become empty in proportion as the arteries become 
full. At every diastole, the elasticity of tlic distended aorta 
caxises it to contract on the blood it contains, and kec'ps it 
floyfing on through the capillaries till another systole occurs. 
t))3tnjlg the diastole, the heart is completely shut off from the- 
aorta'by the sigmoid valves (just as the ball of tlie schema was 
sfilfit bfT from the elastic bag), and tbe blood is kept flowing 
during this time by the elastic contraction cf the aorta and 
large arteries. In general, the diastole is longer than the 
systole ; so that for the greater part the circulation is carried on 
bythe elnstidty of the arteries, and not directly by the heaft, 
jjTh% arteries become distended by the heart, just as the elastic 
was by the ball, and press more and more on tbe blood in 
iom (so that it W'ould spout higher and higher, if one of theiii' 
^ere cut), till they are able during the diastole to pr^ 
same amount of blood through the caiullaries . into the veins(^S 
liad beea pumped into them during the systole; The inpriS 



tliesc ate stretchedj. the greater is the pressure they exert ou the 
hlood they contain; and the amount of this is terined the 
Kirlci'ial ic'iisim or Uood-prcssurc. These two terms nieaii the 
same tlSng, and we use one or other just as the iahcy Strikes usi 
At each systole, tlie fresh supply of blood pumped in by tlsO 
]»eart stretches them more ; that is, the arterial tension rise.s;i#; 
During each diastole, the blood escapes into tlie wide 
■dilatiible veins, and the arteries become relaxed ; that is^;; 
arterial tension falls. " ’ 

Besides the oscillations which take place in the \)lood-j)res- 
sure at each beat of tlie heart, a rise and fall in the form of a 
long wave occurs at each respiration. The wave begins to rise 
just after inspiration has begun, reaches its maximum just after 
tlie beginning of expiration, and then begins to fall again til! a 
new w’ave succeeds it. The heart-beats are generally (pucker 
<luving insi)iration, and slower during expiration. 

The blood-pr(.‘SSure thus oscillates up and down at each heart* 
boat^aiid rises and falls wdth each respiration, and the average 
between the highest and lowest points is called the mean 
arterial tension or mean blood-pressure. 

Carnes of Variation in the Blood-Pressure, — Tlie pressure of 
blood in tlie arteries depends on two circumstances: first, tlm 
amount of blood pumped into them in a given time; and 
second, the amount that flows out of them into the veins in tho 
same time. If more be pumped in, or if less flow out, it will 
rise; if less bo pumped in, or if more How out, it will fall. 
It may, therefore, he raised — 1. By the heart beating more 
<iuickly; 2, By a larger amount of blood being sent into the 
aorta at each beat ; d. By coutraeliou of the small vessels, tt 
may be lowered — 1. By the lieart beating more slowly; By 
tlie lieart sending out less blood at each beat; o. By dilatation 
•of the small vessels, allowing tlic blood to flow- more qujekiy 
into the veins; 4. By contraction of the pulmonary vessels, or 
obstruction to the passage of blood through them, 

Tli€ influence on the pressure exerted by the amount of blood 
sent ou| by the heart at each beat, and by the number of beats, 
to a ifertain extent, though by no means completely, counteract 
oaCii other ; for, wdien the heart is going quickly, it has not 
s;' T ■■ 
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tiinef to fill completely, and so sends Put little blood At each 
beat; but, when going slowly, it ‘becomes quite full during each 
diastole, .and sends out a larger quantity Of blood at each 
contraction. = 

It must be remembered that we measure the blood-pressure 
•in the systemic arteries; and, before the blood can get into 
tbem from the veins, it must come through the pulmonary 
4e^ela Any contraction of the lumen of these vessels, by 
lessening the entrance of blood into the systemic arteries, will 
cause the pressure in them to fall. 

Influence of Nerves on Blood-Pressure. — Both the quick- 
ness of the heart’s beat and the contraction of the arteries are 
regulated by the nervous system; and it is generally by acting 
on difterent parts of it that drugs alter the blood pressure, 
though they may also do so, by acting on the muscular walls of 
the heart and arteries theinselves. The parts of the nervous 
system chiefly <x)ncerned in regulating the circulation are : 

I. The cardiac fjawfUa which lie in the walls of the h^^rt, 
and are, in all probability, the cause of its rhythmical action. 

II. Inhihitory nerves, which render the heart’s action slow, 
and, if irritated very strongly, may stop its beating altogether, 
and produce still-stand in diastole. The inhibitory fibres have 
their origin or roots in the medulla, and j)roceed in the vagi to 
the heart. lu man and iir dogs, they are normally in constant 
action ; and, after they arc cut or paralysed, the heart beats in 
the dog three or four times as quickly, and in inarr twice as 
jjuickly, as before. In rabbits and cats they act less, and their 
division only rnakes the heart go one-half or one-fourth 
faster. A drug may irritate them, arrd render the heart’s; action 
slow— ■ 

1. By acting directly on (a) their roots in the medulla, 
(&) their fibres, (c) their ends in the heart ; 

, 2. Indirectly, through its action on other parts, producing 

i-(a) increased blood-i)re.ssure, or (i) accumulation of carbonic 
acid in the blood, both of which act as irritants to the vagus- 
; roots'; ; ■ ■ 

3. (a), through irritation of sensory neryes, (Q .iri*ta-' 

jlioa of the inteastines, (c) of the symptuihetic nerve, (ti) of the 
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depressor, or (e) of the vagus of the other side. Eeflex irritation 
is only likely to be caused by drugs having a powerful local 
action. > 

Diugs may also paralyse the inhibitory fibres, and thus 
quicken the heart 

III. Qiiichcnivg Nerves, These belong to the sympathetic 
system. They have their origin in the brain or medulla, pass 
down through the cervical part of the spinal cord to tl»e last' 
cervical and first dorsal ganglion (which are often united), and 
thence through the third branch of the ganglion to the heart. 
Quickening fibres are said by some to run also in the cervical 
part of the sympathetic cord. Unlike the vagus, tlie quick- 
ening nerves are not normally in constant action. Tliey may 
be irritated — 

1. By the direct action of drugs upon them. 

2. Indirectly by the drugs producing a diminished blood- 
pressure, which acts as a stimtilus to them. 

IV. Vaso-motor Nerves, which cause the smaller arteries, and 
proliably also the capillaries, to contract. These belong to the 
sympathetic system ; and the most important of them are the 
splaiiclinics, which produce contraction of the intestinal vessels. 
As these vessels can, under certain circumstances, hold all the 
blood in the body, the influence of the splanchnics over the 
blood pressure is very great ; and division of these can lower 
it, or stimulation of them increase it very much. The centre 
for the whole vaso-inotor system, however, seems to be in 
the medulla oblongata ; and it is generally in constant action, 
keeping up a certain amount of contraction or tone in tliese 
vessels. Its activity may be increased, and the vessels made 
to contract — 

1. By direct irritation of the centre. 

2. By 7'efiex irritation through (a) the cervical sympatlietic 
(6) the vagus, when the brain is intact, and the animal not 
narcotised, (<?) sensory nerves. Wlien the medulla is separated 
from the rest of the body by dividing the spinal cord at the 
atlas, it can, of course, no longer exert any influence over the 
vessels ; and they consequently become dilated throughout the 
whole body, aiid the blood pressure sinks very low. If the- 
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lower end of tlie divided cord be then initated, the vasorniotor 
. nerves whicli pass through it from the medulla to the body are 
stimulated, and the blood-pressure rises. 

V. Vaso-inhihitory Nerves. Irritation of these nerves is con- 
ducted to the vaso-motor centres, and acts on them in sucli a 
way as to cause a reflex dilatation of the small vessels, either 
(1) thixiughout the whole body, or (2) in one particular part 
of it. 

1. Tlie chief nerve which causes dilatation throughout the 
whole body is one which runs from the heart to the medulla, 
and is called, from its power of diminishing blood j)ressu)e, 
the depressor nerve. Its fibres seem to be included in tlie 
vagus in the dog ; but in the rabbit it generall}' runs separate 
from the heart to the level of the thyroid cartilage; here it 
divides into two so-called roots, one root going to the superior 
laryngeal, and the other to the vagus nerve. These are generally 
called roots, though, as the nerve conveys impressions fnnn the 
heart <0 the brain, they are, physiologically, really brandies. 
There seem to be also depressor fibres in the vagus itself; 
but this nerve contains fibres of many kinds, and, among 
others, some which cause contraction of the vessels and rise 
of blood-pressure — hence called pressor- fibres. The former 
seem to act on the vaso-motor system through the medulla 
itself, while the latter aflect it through a centre in the brain, so 
that, when the brain is perfect, irritation of the central end of 
the vagus causes increased contraction of the vessels and raised 
l^ood-pressure ; but, when the brain is removed or its functions 
abolished by opium, it causes dilatation of vessels and 
diminished pressure. 

2. 'When a sensory nenm is irritated, the action of the vaso- 
motor centre is suspended in the part supplied by the nerve, 
aud in those which immediately adjoin it, so that their vessels 
become dilated, while at the same time contraction of the vessels 
ic other parts of the body is produced. The blood-pressure is 
thus increased generally, and produces in the locally dilated 
vessels a very rapid stream of blood. Tliis fact was first dis- 
covered, and its importance in therapeutics indicated, by 
Ludwig aiid Loveu. 
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Action 6/ Cou7iier-irritants, — The application of an iiTitant, 
whetlier mechanical, chemical, or thermal, injures the tissues 
of the jmrt to which it is applied; and what better means of 
removHig the injury and restoring liealth could bo imagined ’ 
than a copious supply of blood, and the removal of every 
hindrance to its free How which contraction of the vessels might 
present ? 

Experiments are still wanting to decide how far the vasciilat 
dilatation will extend in the neighbourhood of the irritated part 
when more or less powerful irritants are applied, or which the 
vessels are (if any) that especially contract, when certain others 
dilate ; so that at present, wlien we apply a mustard plaster to 
the cliest to relieve bronchitis, we are unable to say with 
certainty whether the relief is due to a more full flow of blood 
through the vessels of the bronchi, or to contraction of their 
lumen diminishing congestion, or (though this is unlikely) to 
some unknown action independent of the vessels altogether- 
Thj^ experiments of Sinitzin, however, (iletailed by a recent 
writer in the British Medical Journal, 1871, p. 585) which 
show that ulcers of tlie cornea, eyelids and lips, occnriing after 
division of the fifth nerve, rapidly heal when dilatation of the 
vessels of these parts is produced by extirpation of the superior 
cervical ganglion, render it in the highest degree probable that 
it is to the increased How of blooil tiiat healijig is due. As 
a geuei’al rule, too, tlie vascular dilatation seems to extend more 
widely tlie stronger the irritant applied ; and wc may thus see 
how a strong irritant, or one applied over a large extent of 
s\]rfacc, may ju'OYe benelicial in a deep-seated inflammation:, 
wlien a Aveak one or one applied to a small surface has no* 
efiect. 

For convenience of reference, I have put together tlie causes 
of alteration in the blood-pressure in the following table 
(p. 278). 

AppUcatmi fo Patholofpj, — The brief sketch of the circulation 
whiclx I have given, will enable you to understand and appre- 
ciate the meaning of the changes produced iii our circulation by 
any drug, and to explain the facts we may meet wirh in the 
course of an iuvcstigatioiu I may remind you tl»at the altera- 
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^ PRBSSUUB AND- PULSE BATE. f?9 

tions ift the pulse-rate and blood-pressure which we meet with 
in disease, as well as those produced by drugs, are due to soipe 
one or other of the causes mentioned in the previous table ; and 
whenever you meet with a quick, slow, weak, or irregular pulse, 
you must try to find out to which of these causes it is due, in order 
that you may be able to apply scientifically the proper remedy. 

Experimented Examination of Blood Brcmire: Forms of 
Mmometer . — As the life and health of the body and of the 
organs comprising it depend on the supply of blood to them — 
and this, as we have already seen, is closely associated with the 
arterial pressure — the observation of the effects of drugs on it 
naturally forms one of the most important parts of an investi- 
gation into their action. The first to measure the blood-pressure 
was Hales, who simply connected a glass-tube witli an artery, 
and noted the height to which the blood rose in it. Poisenille 
improved upon this method by substituting a bent tube, par- 
tially filled with mercury, for the straight tube, and estimating 
th% pressure from the difference in the level of the mercury in 
the two limbs. A solution of carbonate or bicarbonate of soda 
was introduced into the tube between tlie mercury and the 
blood in order to prevent its coagulation. The bent tube, 
partly filled with mercury, is called a haimadynamometer, or, 
more generally, a manometer. The lieight of the mercury is 
read off from a scale fixed behind the tube. Usually both limbs 
of ihe tube are of equal diameter, and the blood-pressure is 
then ascertained by doubling the heiglit of the mercury above 
zero in one limb and subtracting a fraction, which varies with 
the specific gravity of the solution of soda used. The height 
must be doubled, because the mercury descends as much below 
zero in the one limb as it rises above it in the other ; and‘a 
fraction of the whole is subtracted for the additional weight of 
the column of soda solution, which enters one limb as the 
mercury rises in the other. 

A veiy simple manometer, which will show the mean bloods 
pressure as well as the maximum and minimum between which 
it oscillates, may be made bypassing two straight glass-tubes 
abont lfi inches long through the cork or india-rubber stopper 
of a small wide-mouthed bottle, and fixing behind them a* 
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graduated cardboard , scale. The lower end of one tube must 
be nearly closed in the blow-pipe Hame, and both pushed down 
till they almost toucli the bottom of the bottle. A tlprd bent 
tube is inserted into the stopper, reaching only to its under 
surface, and a piece of india-rubber tubing is attached to its 
upper end for the purpose of connecting it with the artery. 
Some mercury is then poured into the bottle, so os to stand a 
little above the ends of the tubes, and both it and the india- 
rubber tube are filled with a saturated solution of bicarbonate 
of soda and connected witli the artery. The njercury rises and 
falls in the open tube with every pulsation ; but in the one 
with the constricted end the resistance to its movement is so 
great that it can only rise and fall slowly, so that, before its 
upward oscillation has had time to show itself, its descent has 
begun, and vice versd. The upward and downward oscillations 
thus balancing each other, the mean pressure only is shown 
{vide pp. 103 and 104), 

The oscillations in the unconstricted tube are so rapid tlKit ife 
is impossible for the eye to follow them exactly; and tliis dilii- 
culty led Ludwig to conceive the idea of making them register 
themselves by means of a slender rod swimming on the surface 
of the mercury, and bearing at its upper end a pen which 
moved up and down on a piece of paper fixed on a revolving 
cylinder. The vertical lieight of the tracing thus prodneed 
showed the blood -i)ressure, wliilc tlie borizontal distance from 
one point to anotlier oji it indicated the time between them. 

This instnniumt is called a kymogvaphiou ; and, in devising 
it, Ludwig introdneed for the first time into physiology that 
metliod of self-registration which is now generally applied to 
all kinds of vital phenomena, and has already clone mucli 
to render our knowledge exact. That form of it which is used 
by Tranbe, and made by Sauerwald, of Berlin, is shown in 
Fig. 133. It consists of a metal cylinder sup|>crted on a 
wooden frame (J), and caused to revolve at a steady rate by 
clockwork and pendulum {I and u). The manometer is fixed to- 
tbe wooden frame and connected with the artery by tubing of 
leacl and indiarimbber. On the mercury in one limb floats a rod 
PT? swimmer of glass, to whose upper end is attached a glass 



A, Ludwig’ j Kymograpliion. a\ the nmnoniefcr. Instead of one simple bent 
gl’ws tube, il: consists of two liib^s fixed on a piece of wood and joined by a pieco 
of inetal 5, which ir.ay be unscrewed for cleaning the tubes, c is a tube of soft 
lead, for connecting the innnovneter with the artery. One end of it is screwed 
lo the manometer and tiie other is attached to a stopcock d* rf is a stcpcOck 
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fttiAclied to e, and may be conbecl'ecl with the tube B in the artery by a piece of 
tndift=*riibber tubinp. It is bored iaaT-sbape, and U perforated in the centre 
by an additional perpendiculur holej into whicli is put a liollow plug e. / is a 
daek containing saturated solution of bicarbonate of soda, an^l connected by 
india-rubber tubing with e. When the clip on the india-rubber tube j^st above 
€ ia removed, and il»e stopcock turned longitudinally, soda solution will flow into 
e as well as out of d. By turning it t'ansversely, the opening towards c may bo 
closed) and soda will then only run out tbi*ough d. This is done when we wish 
to wash out the cannula with soda without altering the level of the mercury in a. 

is a glass pen attached to the top of a glass rod or swimmer, which rests on tlic 
surface of the mercury in a. A is a thread of unspun silk, with a enjall Aveight 
attached to it. It rests against the pen and keeps it constantly applied to the 
paper without impeding its movements, t is an iron wire, from Avhiirh the 
thread A is suspended. J is the wooden frame brarir.g the clockwork and 
revolving cylinder, h are three screws to level the frame. I is tiie clockwork, 
m is an upright, and n a horizontal bur, which support a pivot o. jo is a metal 
cylinder, wliich carries the paper, q is n small metal bar for holding the paper 
on the cylinder. It is hinged to the lower edge of the cylinder, and caught by a 
spring at its upper edge. Jt lies in a hollow in tlie cylinder, so that its outer 
surface does rot project above it. When a new paper is to be put on, the sj^ring 
catch at the upper end of q is raided, q pulled out, the old paper rcmoA'ed, and 
the edges of the new one placed under It is (lien pushed down, its upper 
end is caught, by the spring, and (ho paper is securely held, r is a catch for 
stopping tlie movement of the clockwork. « and are two weights to driv#the 
clockwork, f is a rack ftir Avinding up (he weight *•'. a is a pendulum, with a 
movable bob, to regulate the motion of the clocks ork and cylinder. By moving 
the bob up or down, the motion may be made quicker or slower, v is a pencil 
stuck through a piece of cork and fastened (o the uprights, so as to draw a 
Jine on the paper at the same level as wlicn there is no pressure on the 
mercury in the tube. The blood-pressure is estimated by the height of the 
curve traced by ^ aboA^e the zero lino thus dr.awn. y is one of Marey’s tympana, 
which is supported on a movable rod z, and may be used for registering either 
the respiration or the form of the pulse- Avave. It consists of a shallow cup of 
metal, over whose top a piece of india-rubber is tiglitly stretched. A metal 
tube passes into the interior of the enp, and alight hver lies over the upper 
jurface of the india-rubber and is firmly connected Avith it. When air is blown 
into the interior of the cup, the india-rubber bulges and r.iises t he lever j when 
air is sucked out, it becomes depressed and draws the lever down. When used 
to register the respirations, it is simply connected Avjth a tube in the trachea of 
the animal, or An-ith a mask fitted before its ncse. As the piece of india-rubber 
stretched over y is thin, it would bo blown out, and perhaps bnrst, by the 
pressure, if we were to connect it directly with the artery. One of Marey’s 
sphygmoBCOpes is, therefore, introduced between them when we wish to measure 
the blood-pressure. The sphygmoscope consists of a little bag of strong, india- 
rubber, enclosed in a piece of glass tubing, connected Avith the tympanum. The 
bag is filled with soda solution and connected with the artery. Each time that 
the presBure rises in the artery, the bag becomes distended and forces soxn.e of 
tlM air qut of the glass tube into the tympanum, and raises the leveri and wtisii 
pressure diminish^, the bag collapses again and the lever fallsr ^ is a 
thiSj/desTgned by my friend i)r. Burden Sanderson. lastei^ of 
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a bag enclosed in a tr.be, it consists of a metal box, across the interior of wbicli 
a septum of strong india-rubber is stretched. One side of the box is filled with 
soda solution nnd connected witli the arterj ; the other with nir and connected 
with the^tympaiinm. w is a piece of lead-tubing for connecting the sphygmo- 
scope X with the tube in the artery. 

B is a forked tube of German silver or brass for connecting the artery with the 
kymograph ion. a is a cannula, which is inserted into an artery (see fig. 3 a). 
$ is a small ring, soldered to it, by which it may be tied to the rings e on B, to 
prevent it from slipping off. e and e are two rings soldered to B. By means of 
ligatures passed through these, B may be fastened to tlie skin or hair of the 
iiuinial, to prevent its being displaced by any sudden movement. The oblique 
limb of B may be connected to a alone by a piece of india-rubber tubing, or to 
both A d nnd a tv at tlio same time by means of a Y ginsi tube and india-rubber 
tubing. Another piece of india-rubher tubing is attached to the straight limb rf, 
and closed by a clamp or clip. When a clot forms, the clip is taken off and 
the clot removed, the tube washed out by a stream of soda solution, and the 
clip again replaced. 

c i: the trncing-pen (see fig. 3 r). It is stuck horizontally through a piece of 
cork ; another small piece of glass tubing, about tlirce-foui tbs of an inch long, 
closed at its upper end, and about one-twelfth of an inclj in diameter, or just 
wide enough to admit the end of the swimmer, is stuck vcrtic.MlIy into the same 
piece of cork.* 

peji (< 7 ), which vesisters the movements of the mercury on the 
revolving cyliiulcr. 

The disadvaiitnge of the mercurial manometer is, that it does 
not give the true Ibrin or extent of the variations of l)lood-pres- 
sure, the inertia of the mercury causing it to oscillate abovtj 
and below the true value. We may, however, obtain the true 
form of each oscillation along with the mean pressure by con- 
necting the artery at the same time with tlie manometer and 
one of Marey’s sphygmoscopes and levers (Fig. 133, x and y) by 
means of a Y-tube, one end of wdiich is connected to d and the 
other to v\ In order to obtain the mean j^rcssure, we turn the 
stopcock (e) till, on blowing through it, only a slow rise and fall 
of the mercury can be produced, but no sudden oscillation. On 
then connecting it with tlie artery the mercurial column shows 
the mean pressure, wliile the sphygmoscopic lever registers each 
oscillation (c/. Brunton and Cash, i%i/. voL clxxxii (1891) 

B, pp. 547-550 and 60 1-632), 

Besides this form there are various others on the same prin- 
ciple, some of which have cylinders which wind off a con- 

* The instrument figured here was made b? SniierwBld for Von Bezold, but 
as Von Bc*zold did not require it on account of illness it was. sold to the author 
by Sauerwaid in 1S67. 
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tinuoiis roll of paper from a bobbin, so that a tracing may bo 
taken nniuterruptedly for an hour or two without renewing the 
paper. In order to avoid the inconveniences of the mercurial 
manometer, Fick lias constructed one (Fig. 134) in wljicli ilit- 
pressure is not measured by the movements of a column of 
mercury, but by those of a bent liollow tube (a) fixed at one 
end and free at the other. The tube is filled with alcohol, and 

FiO. 134. 



Fick*s spring kjniagvapijion. a w ?i ilal tube ot Oermaii silver, fixed at or.e 
end B to a pieee of board d. The other end c is freely movable. E is a tube 
connecting a with the artery, f is a lever made of reed, connected to c. o is 
the writing point, mo'.ed up and down by F, and kept perpendicular by another 
«^hort lever above. The tube A is filled with alcohol, and the tube E with a soda 
solution, and b is then connected with the artery. Whenever the pressure rises, 
the tube a tends to straighten ilaelf, but it is firmly fixed at the end B, and so 
the end c alone moves upwards, and pushes up the lever F and the writing- 
point G. \Vhenever the pressure relaxes, the tube bends back again to its 
original shape, ami the point a i onsequently again desoends. The tracing is 
taken by allowing o to rest against a revolving cylinder, covered with a piece of 
piper, wliicli has been smoked either over a gas fiamo or a parafiln lamp. 

ita fixed end connected vyith an artery. At every rise of 
pressiu’e this tube tends to .straighten it .self, and this motion of 
the free end is communicated by it to a lever (F) and \vritiug- 
point (o)( which I'ecord.s it on a smoked cylinder. 

this form of kyiupgi'upluon is that it gives 
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the exact form, duration and extent of each pressure-variation. 
Its disadvantage is that the tracings it gives are on a small 
scale, so that it is not so well adapted for showing small oscilla- 
tions of pressure like those at each heart-beat in tlie rabbit, 
although it answers admirably for dogs. Another disadvantage 
is tliat the tracing must bo taken on smoked paper, and this is 
more troublesome to manage than white paper and ink. 

Mode of using the KyvangrapMon. — Tlie kymograpliion must 
first be rendered perfectly level by the screws K K (Fig. 133). 
The upper part of the outer tube of a and the tube c, the india- 
rubber tube connecting it with B, and B itself, are then filled 
with soda solution and the clip at e put on. A fresh sheet of 
paper is put onjp, the pen (y) filled witl> ink, and the pencil (») 
adjuste<l at the same level. A piece of cotton-thread should be 
drawn througli the pen, so that the end projects just beyond 
the pen’s point ; this makes the pen Avrite better. Tlie animal 
is next fixed, a A'ein exposed for injecting, the cannula (a) 
iiiU'oduced into an artery in the way idready described, the 
blood being prevented from entering the cannula by a clip 
placed on the artery. A drop of carbonate of soda solution is 
placed in the cannula (a), the tube (b) fitted into it and tied to 
it by a thread through the ears h and c. Two other threads 
through c and c fasten the tube (b) to the skin or hair of the 
animal. The flask (/) is raised several feet above the appa- 
ratus, and the clip at e opened, so as to make the pressure in 
the manometer and tulies nearly equal to that of the blood in 
the vessels so as to prevent the blood from filling the tubes. It 
must not be greater, or the carbonate of soda will pass into the 
vessels and produce convulsions. The clip at c is then replaced 
and that on the artery removed, the cylinder set in motion, and 
a tracing of the normal hlood-pressure taken. 

The drug in solution is now injected into a vein and a fresh 
tracing taken. At the time the injection is begun, a cross 
should be made on the tracing opposite the pen of the kymo- 
graphion, and a o should be made Avhen the injection is finished. 
The time at which these were made should be noted on a sepa- 
rate piece of paper, and afterwards copied on to the tracing 
itself. Instead of putting on a fresh piece of paper each item, 
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two'iffir three may often be taken on one paper by having two or ' 
three exactly similar glass pens of the form shown filled Avith 
inks of different colours. Jiach Is stuck through a sm&^ piece 
'of cork, and into the under side of the cork a small gliiss tube 
is put, which will just fit the top of the swimmer, liy simply 
dropping the glass tube on the end of the swimmer, the pen is 
in its place at once, and can be changed with great facilit}'. A 
small sable brush may also be substituted for the glass peu. 

. After the experiment has gone on for some little time, a clot 
is apt to form in the cannula. Wlien this is the ease, the clip 
must be replaced on the artery, the stopcock (d) turned trans- 
verselyj so as to keep the mercury at the same heiglit, the clip 
on the india-rubber tube at d B and at e a removed, and the 
tube washed out by a stream of carbonate of Soda. Any clot in 
the cannula is removed by a spill of twisted paper, by a hog’s 
bristle, or by a piece of whalebone. The whaleboue-prohes are 
most convenient, as they can be made of any size. A single 
jet of blood should now be allowed to escape froui the artery,*80 
as to make sure that there is no clot in it, the tube again 
washed out Avith carbonate of soda, the clips at e B and e a 
replaced, that on the artery removed, and the stopcock turned 
and tracings taken as before. 

Beduclion of the Kymojjraphimi Tracings. — It is not only im- 
possible to publish the tracings as they are taken from the 
kyraographiou for the benefit of others, but it is extremely 
difficult to draw any except A’ery general conclusions from them 
for one’s self. Before they can be of much Ajse they must be 
reduced to tables, or, AA'hat is still better, the tables themselves 
may be grapbictilly represented. In making the tables, we 
must first fix the time at which the different parts of the tracing 
wore made. The time when the tracing was begun and when the ' 
injeclion Avas made must be noted down at the time in a separate 
note-book, or, still better, on the tracing itself. In the first tracing 
it is convenient to take the time when the injection was made, 
as a starting-point from which to reckon the other periods. 

; beginning at this point, then, we divide the abscissa or Eero 
line into x)arfeB corresponding to five seconds each, or any otbor 
Jp^iod-i we think convenient If the Giroumference Of the 



cylinder be CO millimttres, and it revolve o«*ce in a minute, 
each 5 ‘millinidtres of paper will correspond to live 'seconds’ 
revolution. 

Secoftdly, we must ascertain the Mood-pressure at different 
times. At the point where the injection took place, we draw 
from the tracing a perpendicular to the abscissa, and another, 
5 , 10 , or 15 seconds further back. The moan pressure is most 
readily and exactly got by means of a plauirneter ; but, as this ' 
is an e.Npenaive instrument and po.S!5essed by few, we usually 
employ ruder methods. The first is to determine the scpiare 
superficies of the irregular figure contained by the abscissa, the 
two perpendiculars and the curve, and then divide it by the 
length of the abscissa ; this gives the mean height of the 
pressure-curve. The size of the figure is ascertained by placing- 
over it a piece of tracing-paper or glass ruled in square milli- 
metres, and counting the number of squares contained in it.. 
Volkmann cuts the figure exactly out in paper of uniform 
texture and weighs it. By then comparing its weiglit with that 
of a square of given size, the superficies of the figure is easily 
ascertained. Tlio second method is still simpler, and, though 
not so exact, takes much less time, and is, therefore, frequently 
employed. It consists in drawing a straight line from one per- 
pendicular to the other along the curve, so as to cut the pulse- ' 
and respiration-waves as nearly as possible in their middle, aird 
leave as much of their surface above as below it. We then 
measm-e the height of this line above the abscissa, double it, 
and subtract from it the fraction of the whole, which represents 
the column of carbouate or bicarbonate of soda solution which 
entered one limb of the manometer and pressed on the mercuiy 
in it as the mercury rose in the other limb. lor a solution of 
carbouate of specific gravity 1018 , this fraction \yill be abeut 
of the whole. • _ 

Passing along the curve taken after the drug has been 
injected, we note the platie where any change , in pressure has 
occuiTed, and here we draw another perpendicular and proceed 
as before. , 

Thirdly, we obtiin the number of pulsations, and. respirations, 
in a minute by counting the pulse- mid respiratiou-wavea. 
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between each two perpendiculars, anrf reckoning from tlie time 
between ^them what the rate of pulse or respiration will be in a 
Jniaute. As the rate of botli may change several times in a 
^%inute, and a calculation of this sort woiihl lead to coeisider- 
able error, we not unfrequently take 15 seconds as the unit of 
time instead of a minute. 

The way in which the ntimlHus thus obtained may be 
tabulated, is shown by the following examples of supposititious 
■experimeiits. These examples have been made by piecing 
together several experiments of Von IJezold, and show generally 
the action of atropine, but must not be regarded as .accurate 
descriptions of any one ex^ieriment. 

Even when a continuous roll of paper is employed, instead of 
several separate pieces, it is often convenient to divide it by 
lines, and tabulate each part separately, just as when separate 
pieces of paper arc used. 


liODE OF IiECOKDISO ExI'ICUIMEXTS. 

Ei'/periment I, Kovemher 5, 18 — . 

Young rabbit. Weight 1540 grammes. Jugular vein 
■exposed ami 1 cubic ceuiimMre of tincture of opium, contain- 
ing 2 grammes in 25 cubic centimetres, injected into it. 
Cannula in the left carotid. Animal otherwise uninjured. 
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£lx 2 )CTiment II y Novemher 9 , 18 — . 

Old tabbit, ^Weight, ITW Jugular vein exposed,. 

Animal narcotised. Cannula in the left carotid. Animal 
otherwise uninjured. 
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Graplm Method of Rcprescnti/Uf Kr-pcrimcnts . — In looking 
over a column of figures such as tlie tables we liave now 
• ‘btained, it is by no means easy to see at once what it really 
indicates ; and it is still more dilliciilt when we liave to com- 
pare several tables together. For this reason it is of great 
advantage to convert the Uibles into curves, from whicli the 
•result of any experiment can be learned at a glance, and the 
points of resemblance, or difference in the results of a whole 
series compared with the greatest ease. 

To obtain tliese grapliic curves, we reverse the process by 
which we fonned our tables. We first take a piece of paper 
ruled in squares, and on it we diuwa horizontal line or abscissa, 
and then a perpemiicular to one or both ends, and number the 
J^paces along botli the aliscissa and the perpendicular or ordinate. 
Those along the abscissa represent periods of time to which we 
uioy assign any value which is convenient, seconds, minutes, 
hours, or multiples of these. The numbers along the ordinate 
may represent blood-pressure, pulse-rate, number of respirations, 
or degrees of temperature ; and we may describe curves repre- 
senting all of these on the same paper, distinguishing them from 
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one another by the use of different coloured inks.. Fig. 135 repre- 
; sents graphically the tables of blood-pressure and pulse-rate in 
i Experiments I and IT. We begin the pressure-curve by making 
a dot on the first peri>endicular, at a height correspoilding to 
the numl:>er 78. Passing along horizontally from this for a 
space corresponding to 15 seconds to the abscissa, we make 
another dot ; and at 10 seconds further, at a height correspoiul- 
ing to 80, we make a thml dot, and so on. We then comioct 
the dots by lines, and thus obtain the curves we wish. 

Fro. 135. 



Exp. 1. The fitraiglit line shows the blood-jpressure, and the dotted liie? ttie 

pulse-rate. 
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Exp. 2. 


‘ Tv,— Dktskmination of the exact Stkuctuhes through 
WHICH Drugs affect the Heart and Vessels. 

(British Medical Journal ^ 1871, December 9, p. 659, December 16, p. 687, 
ami December 30, p. 749.) 

Comparison of the Effects of Drugs on different Animals in different Doses. — 
Mode of determining the exact Cause of Symptoms.—Mode of raising Blocd- 
pressure.— Modes of counting the Beats of the Heart.— Causes of Quickened 
Pulse.— Direct Stimulation of the Sympathetic.— Stimulation of Cardiac 
Ganglia.— Paralysis of the Vagus-roots and Fibres, and of its Ends in the 
Heart. — Causes of Slow Pulse,— Irritation of Vagus-roots. — Mode of sup* 
plying the Head and Body with different kinds of Blood. — Indirect Irrita- 
tion of VagusTroots through the Blood-pressure : mode of lowering and 
iwmng it.— Irritation of Vagus-roots.— Indirect Irritation through^ 
the. Besplration.- Irritation of Vagus-flbpes.^Increased Conducting 
of Fibres.— Stimulation of Vagus-ends.— Paralysis of the Syi^potlietio^ 
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Paralysis of the Cardiac G-anglia> — Part of the Ganglionic Apparatus 
affectcKl. — Nervous System in the Heart. — Motor Ganglia. — Stimulating 
Ganglia. — Inhibitory Ganglia. — Connecting Apparatu8.-«>Actioii of Drugs 
on tl|o Inhibitory' Apparatus. — Nicotia, Muscaria. — Antagonism of Atropia 
and Wiysostigma ; bearing of this on Therapeutics. — Paralysis of Co-ordina- 
ting Apparatus. — Paralysis of the Muscular Fibres of the Heart. — Blood- 
pressure : mode of determining whether Changes in it are due to Alterations 
in the Heart or Vessels. — Fliminaiion of the Action of the Heart : Division 
of its Nerves. — Irritation of Vagus. — Ligature of Aorta. — Artificial Circu- 
lation ; in Mammals, in the Frog. — Observation of Vessels. — Action on 
Vaso-inotor Centre; on Vascular Walls. — Influence of the Action of Parts 
surrounding the Vessels upon them.— Action of the Pulmonary Circulation 
on the Biood-pressure. — Use of the Si)hygmograph. 

Comparison of the Effects of Drugs, — Before proceeding to 
oxaiiiiiie separately the different structures througli which a 
drug may act ou the blood-pressure, it is advisable to compare 
the eft'ects which it produces on animals of different kinds, sucli 
as dogs and rabbits, as well as the action of larger and smaller 
doses ou animals of the same kind. Coutiuuiug to take as aii 
example the action of atropia, admirably investigated by Von 
Bezold, we find the following results. 

With a small dose of atropia injected into the jugular vein 
towards the heart : 

The blood-pressure rises in both rabbits and dogs : 

The pulse becomes quick, rising in rabbits from 2o6 to 
288 ; in dogs, from 80 to 240. 

With a larger dose : 

Tlie blood-]:) vessu re, in both rabbits and dogs, falls at first 
and afterwards rises to the normal. 

The pulse becomes quick in both. 

With an additional dose : 

The blood-pressure in rabbits falls very low as the poison 
reaches the heart ; afterwards rises ; arid falls again 
below the normal. 

The pulse becomes slower, and then quicker. 

With a very large dose : 

The blood-pressure sinks instantly in both rabbits and 
* dogs. . 

The pulse in rabbits becomes slower and weaker, and 
then stops ; in dogs it becomes quick. 

■■■..■U'2: ■ 



292 EXPETITMENTAI, ISVESTIGAnON OF THE ACTION OF MEDICINES* 

This comparison between the effects which atropia produces in 
dilBerent animals, and in lai^e and small doses in the Siime 
animal, shows us that it sometimes raises and sometimes loweis 
' the blood-pressure, but that it always quickens the « pulse,, 
except when a large quantity of the poison is introduced at 
once into the heart of the rabbit. On consulting the table- 
already given (p. 278),* it will be seen that quickening of the 
heart may be due to stimulation of the sympatlietic, either 
directly by the drug or indirectly by diminution of the blood- 
pressure ; to stimulation of the cardiac ganglia ; or to weaken- 
ing or paralysis of the vagus. Any one of these conditions may 
cause quickened pulsation ; and, in order to determine which of 
them really does it, we must te.st eueli one of them separately 
by farther experiment. 

Moth of dcM'miniwj the excict euuse of Si/mjitoms. — 'I'lie plan- 
whicli we follow is this: we suppose for the time )>eing tliat the- 
cause which we are testing is the true one, and consider wluit 
effects it will produce under certain conditions. We then 
supply tli<«e conditions e.xperimentally, and see wlietlier or not 
the results we obtain corre.spond with those wliicli we should 
find if our supposition were correct. So in the jncfent instance 
we first ask. Is the quickening of the pulse due to indirect 
stimulation of the sympathetic roots by diminished blood- 
pressure or not ? We suppose for the moment that it really is 
so, and we consider tliat if we raise the blood-pressure we shall 
remove the cause of quickening and bring the pulse down again 
lp.its normal rate. We tlien proceed to raise the pressure, and 
see whether or not the; pulse is rendered slow, as we expect it to 
be. In the ca.se of atropia, a special experiment is not neces- 
sary for this purpose, as we have seen that small doses do not 
ImOer but ra'ise the blood-pres.sm*e, at the same time tliat they 
quicken the pulse ; consequently the quickening cannot be due 
to indirect stimulation of the sympathetic. Other drugs, how- 
ever, such as nitrite of amyl, even in small doses, lower the 
blood-preasure at the same time that they quicken the pulse,, 
and in their case we must raise the blood-pressure artificially. 

* -On'/tfA June 3rd, page 538. 



RAISING BLOOD PRKSSUUE — COUNTING PULSE. 29S 

Mode of Bwising Blood- 2 wess:ure. — This may be done either by 
iujectiiig a sulficiont quantity of the deiibrinated blood , of 
another animal oi the - same species, warmed to 9vS° Fahr., 
into the carotid or crural artery towards the heart, or by com- 
pressing the aorta. The aorta may be either comprossecl by the 
thumb of the operator, or by a narrow pad of cork laid over it 
.and pressed upon it by a tourniquet, of which the straj) lias been 
passed round the aiiimars body. 

Mode of Coimting the Beats of the Heart, — Now, if we wish to 
determine the blood-pressure at the same time with the pulse- 
rate, we may count the latter from the oscillations which each 
beat of the heart produces in the tracing of the kymograpliion, 
or from the spliygmoscopc attached to it; but this is not always 
necessary, and we may wish to ascertain the pulse-rate without 
going to the trouble of opening an artery and using a manometer. 
We may do this in tliree ways; — 1. By feeling the pulse in one 
of tluj largo arteries, such a.s tlie crural, witli the finger ; 2. By 
listening to the beats of the heart with a stetlioscope : ;>. By the 
motion of a needle stuck into the ventricles. For this purpose 
a tine hartdip-needle is inserted at the point where tlie apex 
heats, and is pushed upwards into tlie substance of the ven- 
tricle. At its upper end it may have either a knob, or a loop to 
M’liich a thread can be attached, and a barb at the point will 
prevent it from changing its position in the heart when traction 
is made upon it. In rabbits, the point where the needle should 
be inserted is in about half an inch to the left of the sternum 
in the third intercostal space, and the length of the needle used 
sliould be about inches. Various niGaiis have been proposed 
for counting the oscillations more readily than can be done by 
simply watcliing the movements of the needle ibself. The 
knob of the needle may be allowed to strike against a wine- 
glass, and the pulsations may thus be counted by the ear ; or a 
needle without a knob may be used, and a rice-straw with a 
piece of bright-coloured paper attached to it may be slipped 
over it, so that its vibrations, amplified by the long straw, and 
made more visible by the bright-coloured paper, may be readily 
countexl by the eye. 

A couveiiient way of registering the oscillations on an upright 
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cylinder is one devised by Professor Strieker. One of Marey^s 
eardiographic levers is fixed on a rod close to the side of the 
animal and some distance above it, and a small piece of cork 
^ attached to the lever. One end of a fine thread is then fastened 
to the needle, and its other end pulled througli a slit in tlie cork 
till it is sufficiently tight to make tlie lever vibrate with each 
movement of the needle; it is then fastened by twisting it 
round the lever, or by a little sealing-wax. If the lever be not 
raised several inches above the needle, it is pulled too jnuch to 
a side and not sufficiently downwards to give a good tracing. 
The tracing may be taken either on plain paper with a glass pen 
or camers-hair brush attached to the lever by a piece of cork, or 
with a dry point on smoked paper. Instead of a vertical 
cylinder a hori^iontal one may be used, and is perhaps still 
better. In this case the lever should be nearly on a level with 
the needle, and not raised much above it (^. antea, p. 208). 

Is the Quickening of the Pulse due to direct Stimidation of the 
Sf/mpathctic ? — If so, the injection of the drug should caiise^au 
increase in the pulse-rate after the vagi have been divided as 
well as when they are intact. We therefore divide the vagi, 
inject the drug into the veins, and see whether or not the pulse- 
rate is increased. On doing this with atropia it is found that 
the pulse becomes slower rather than quicker, showing that the 
drug does not stimulate the quickening nerves of the heart. 
The increased rapidity of the pulse which it produces wlien the 
vagi are intact is, therefore, not clue to this cause. 

Is the Quickening due to Stimulation of the Cardiac Ganglia f 
-^-The exi)eriinent just mentioned sliows that it is not, for, if it 
were, injection of atropia should cause C[uickeiiiiig after division 
of thevagi. Supposing, how- ever, that it had caused Cjuickeiiiiig, the 
question whether the acceleration was due to the ganglia or the 
sympathetic would have to be decided by dividing all the nerves 
going to the heart with a platinum- wire heated by electricity, 
and then injecting the drug, or by applying it to the heart 
of the frog in a way which I shall afterwards describe. If it 
quickened the beats of a heart thus separated from all other 
nerves, it could only do so by acting on the canliac ganglia 
themselves. 
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Is the Quidi'cninr/ dm to Faralysis of the Vagi t — The exclu- 
sion of the other causes leads us to believe that it is due to this; 
but, in order to avoid the possibility of error, we must tiy to 
eonfirif| our conclusion by other experiments ; and, moreover, we , 
have still to find out which part of the vagus is affected — ^its 
joots, its fibres, or its ends in the lieart. 

Arc the Vwpis-roots Paralysed by the Drag / — We are enabled 
to answer this question by our knowledge of the fact, that 
poisons only act on the parts to which they are carried by the 
blood, and that when introduced into the circulation they do not 
reach every part of the body at once, but are carried on with 
the blood-stream first to one part and then to another, and will 
reach a part near the point where they we.re introduced before 
one wiiicli is farther off. Thus, if we inject a drug into the 
carotid it will bo carjied direct to the head, and will act on the 
medulla oblongata and the roots of the vagus beibre it reaches 
the heart; but if we inject it into tlie jugular vein it will reach 
the lieart and act on the vagns-ends in it before it reaches the 

fr ^ 

roots in the medulla.. If atiopia paralyse the vagus-roots, then 
its injection into the carotid towards tlie liead sliould be fol- 
lowed by rapidity of tlie pulse more quickly than its injection 
into the jugular; but if it act on the vagns-ends in the heart, 
the pulse should become rapid more quickly after injection into 
the jugular vein towards tlie heart than after injection into the 
carotid. On testing tliis experimentally, it is Ibnnd that, when 
atropia is injected into tlio jugular vein towards tho heart, the 
pulse at once becomes quick, even before the injection is 
linLshed ; but, wlien it is injected into tlie carotid towards tho 
liead, the pulse is not quickened for a quarter of a miiiute or 
more, or, in other words, till the poison has had time to pass 
through the capillaries of the head and go through the veins to 
the heart. This, then, shows that it is the vagus-ends in the 
heart, and not the roots in the medulla, that are paralysed 
by it. 

Are the Vagus-fibres Paralysed t — From the rapidity with 
which paralysis of the vagus occurs after atropia reaches its 
ends, we have already come to the conclusion that the ends are 
the part aflected rather than tlie roots or fibres ; but it is well to 
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substantiate our conclusion by further experiihent. We divide 
the vagus and galvanise its peiiplieral extremity. If vve do this 
to a normal vagus, the heart will beat more slowly or stand still 
altocethor : but if either the libres or ends of the ner>*e have 
been paralysed, no clianf^e will be produced in the heart’s rhytl mi 
by the application of galvanism to its Lnnik, and this wo find to 
be the case after the administration of atropia. But tTiis ex- 
periment does not enable us to decide whicli part of the nerve 
is paralysed — the fibres or the ends, for in eitlier case the efrei.‘t 
would be tlie same. We may do this, however, by observing 
the olTect which initation of the vagus-ti*ui.ik produces on siicli 
of its libres as do not go to the heart. If it were the fibres which 
were jiaralysed, we should expect that tliose which go to the 
heart would not be the only ones affected, but that those going 
to other parts would be paralysed likewise. 

I have hitlierto spoken of the vagus as if it were a simple 
nerve containing only iuhihitory filires for the heart, but it is 
really a most complicated bundle, containing ccmtripetal fibres 
having probably no fewer than eleven dill'erent functions, and 
centrifugal ones having nine or ten ; so it is little wonder that 
it has long been a puzzle to phy.siologists, and even yet its 
functions are not completely investigated. Among these filnes 
are some which produce contraction of the (iisopliagus and 
muscles of the larynx ; and if we fijnl that initatiou of the 
vagus continues to produce coiitraclions in these parts after it 
has ceased to render tlio heart’s action sIcjw, as is case after 
iiijection of atropia, we conclude tbat its a)*e not paralysed. 
I>f. Rutherford has shown that the best mode of observing 
the effects of irritation of the vagus on the muscles of the 
larynx, is to open it in front and place the animal in such a 
position that tlie light may be reticcted from the inner surface 
of the arytenoid cai'tilage, as the slightest movements can then 
be readily detected. In this way it is found that atropia pro- 
duces complete paralysis of the cardiac branches of the vagus, 
while the motor fibres supplying the muscles of the larynx 
remain nnafibeted ; and we are therefore forced to conclude that 
it acts not on the fibres but oh the ends in the heart A more 
direct method is to apply the drug dissolved in an indifferent 



297 


COMPLEX FUNCTIONS OF THE A"AGL%. 

fluid, such as half per cent, solution of chloride of sodium, to 
the va.i'us itself, and then to irritate the nerve about tins X)oijit. 
Tliis may be done by dropping the solution on tlm nerve after 
placing a piece of gutta-percha tissue below it, so as to keep tlie 
fluid from reaching the tissue below and being absorbed. If the 
drug paralyse the fibres, the irritation which is applied to tlie 
nerve above the part wdiicli is moistened by the solution will 
not be conveyed by tlie paralysed part of tlie nerve, and will 
conse([uently have no effect on the heart. 

lloio docs a Drug raider the Heart's Action Slow ? — We have 
now gone over the experiments which mv. necessary to deter- 
mine what the structure is through whicli a diug tpiickeiis the 
heart s action, and we liave now to consider those wliich we 
require when investigating tlie action of a drug wliich renders 
it slow. It may do so by irritating the vagus-roots, fibres, or 
ends; by increasing tlieir excitability, so that they act more 
strongly when stimulated ; or by paralysing tlie sympathetic, 
the cardiac ganglia, or the muscular substance of the heart 
itself. 

Docs it act hy irritating the Vagus roots ? — In order to answer 
this question, we divide both vagi and then inject the drug. 
We tluis separate the heart from the vagus-roots and deprive 
them of any iiiMuenco over it, so that, if they have lieeii the 
cause of slowness of the pulse in previous exporinKmts, it will 
not o(icur in this; but if the slowness have been due to other 
causes it will, with one or perhaps two exceptions, be noticed in 
this experiment, just as it would had the vagi been intact. 
These excoi>tions, wliich we will consider afterwards, are in- 
creased excitability of the vagus-fibres and eiids. The vagus- 
roots can only act on the heart through the medium of the fibres 
and ends ; if the drug itself should affect these structures, its 
fiction on the heart may be much altered or even destroyed. If 
the vagus-ends be paralysed, the I'oots can exert no more action 
on the heart than they can after we have cut through the 
trunks ; and if the excitability of the ends be increased, the 
power of the roots over the heart will be greatly augmented, so 
that the heart's action may be made slow without there being 
toy actual irritation eitlier of the roots or ends. In order, then, 
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to find out what effect the drug has on the vagus-roots tlienn 
selves, Ave must inject it into the carotid, so that it may reach 
them before it reaches the fibres or ends ; and note what change 
occurs in the pulsations of the heart immediately aijer the 
injection. Any change which occurs immediately is due to the 
effect of tlie drug on the roots themselves ; and, by comparing 
the number of pulsations at this time with that which is found 
a quarter of a minute or so afterwards, wlieii the drug has 
reached the vagus-ends, we may discover whether their excita- 
bility lias been increased or diminished. Thus, in the experi- 
ment already mentioned for ascertaining whether or not the 
vagus roots are paralysed by atropia, we find that, when we 
inject it into the carotid, we get immediate slowness of the 
pulse, showing that the vagus-roots are irritated by the drug ; 
but whenever it gets round to the heart it paralyses tlio vagus- 
ends, and the slowness at once disappears. If we were to k(‘,ep 
the liead alive by supplying it with an artificial stvi^am of blood 
conlfiiniug atropia, and prevent any of the poisoned blood 
reaching the heart, the slowness might be continued in- 
definitely. 

Mode of supph/iri;/ the Head and Body with differctU Lindo 
of Blood, — In his researches on respiration Hering empl*.»yed 
a method of this sort, at one time supplying ibc biain with 
blood loaded with carbonic aciil while the blood of the ).»oily was 
richly arterialised, and at auotlier sending arterial blood to the 
brain while respiration Avas stopx)ed and the blood circulating 
ig. the body was intensely venous. For this purpose^, he (opened 
the thorax and tied the left carotid and innominate close to the 
aorta, and tlie vena cava superior close to the heart in a cat ; he 
then introduced one cannula into the innominate artery, and 
another into the vena cava, and injected dogs blood, defi- 
brinated and Avarmed, into the innominate artery, Avhile he 
allowed it to flow out by the vein. 

In atropia Ave liave an example of a drug which acts on moie 
than one part at once^ and whose action on one part completely 
neutralises the effect which its action on the other would pro-- 
duce. In the case of others, however, we liave the action on 
the different parts strengthening each other, as in veratria 
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which, like atropia, stimulates the vagus-roots, hut, instead 
of paralysing the ends, increases their sensibility, and thus, 
greatly augments the effect which the excited roots would have 
exercis^fl over the heart, even had the ends remained unaltered. 

Are the Vagus-roots Irritated directlg hy the Drug or indirectly 
through increased Blood-jgressure ? — Along with the slow pulse,, 
produced by the injection of atropia into the carotid, a rise occurs^ 
in the blood-pressure ; and how are we to determine whether 
the irritation of the vagus-roots is due to this increase, or to 
the direct action of the drug itself ? This is a question very 
difficult to solve in the case of atropia, on account of the- 
rapidity with which the vagus-ends are paralj\scd and all inlluence 
of the root over the heart destroyed. In the case of other drugs,, 
however, Avhere time is allowed, the question might be settled 
by diminishing the blood-pressure and seeing wbetber or not 
the slow pulse returned to its normal rate, and then raising it. 
again and observing whether the X)ulse again became slow. 

Jjjfodc of Lowering and Raising the Blood-presmrc, — TIio blood- 
pressure may be lowered by opening a large artery, such as the- 
carotid or crural, and allowing the blood to How out into a. 
vessel warmed to 98° lahrenheit, and again raised by injecting 
the warm blood back into the artery. Or may adopt Ludwig 
and Asp’s plan, of inserting into the central end of the carotid 
a straight tube with a stopcock in its middle, and tlie moist- 
bladder of a small animal, well emptied of air, tied io its free- 
md. When the stopcock is opened, the blood rushes from 
the carotid into the bladder, and the tension in the arteries is 
diminislied ; but, when we press the blood f)ut of tlie bladder 
back into the arteries, the tension on them is again increased. 

Arc the Vagus-roots Inntaied Ilejlcxly from some other part of 
the Nervous System ? — There are two ways of deciding this r. 
the first is to inject the poison in such a manner that it sliall 
reach the vagus-roots before it reaches the otlier nervous struc- 
tures through which wo suspect it to act reflexly ; the second is- 
to remove these nervous structures themselves, or to destroy 
their function by means of some other poison. Thus, if we think 
that atropia^ when injected into the carotid, acts on the medulla 
through the cerebrum, we may either remove the latter, or 
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•abolish its fiuictiou by opium or chloral. The application of 
irritating vapours, such as ammonia or tobacco-smoke, to the 
nasal mucous membrane of a rabbit, produces still-stand of tlie 
heart. We ascertain that this is due to irritation of tU^ vagus 
hy cutting it and finding that the vapour then ha.s no effect ; 
4ind we next decide that the irritation is conducted to the 
nervous centres through the trigeminus and not through the 
•olfactory nerve, by observing that section of the former like- 
wise prevents the action of the vapour on the heart, while 
section of the latter does not affect it. 

Are the Vagus-roots Imtated indirectly hy the Drug impairing 
Despiraiioii, and thus allowing Carhonic Acid to aecunmlate in the 
Blood t — In tile experiment ju.st mentioned, we have ascertained 
that tl»e vagus is irritated, and that irritation is conducted to 
the nerve-centres through the trigeminus, but W'e do not know 
that the in itation is ilircctly reflected from the trigeminus to 
the vagus. It might he due to irritation of the vagns-roots by 
■carbonic acid, which has accuimdated in the blood from im- 
peded respiration ; for the irritating vapour applied to its nose 
caases the rabbit to close its no.stvils and stop hieatlring for a 
wlrile if the trigeminus he intact, hut when it is cut no irritating 
impression can be conveyed to the brain, and so no closure of 
the nostrils takes place, cither voluntarily or reflexly. The 
rabbit, therefore, continues to breathe freely : no c.irJ)onic acid 
•accumulates in the blood, and no irritation of the vagus occur.s. 
Other drugs, such as strychnia and curare, &c., impede reispira- 
tion — not by causing closure of the nostrils and consequent 
•dhstruction to the passage of air to the lungs, but hy acting on 
tlie muscles and nerves and diminishing the respmitory move- 
ments. Strychnia does this by producing tetanic contraction of 
the respiratory muscles, curare hy paralysing them, and chloral 
by diurinisiring the excitability of the respiratory nervous 
■centre. In all such cases, in oi-der to ascertain that indirect 
irritation of the vagus from impeded respiration is rrot the cause 
‘of the slowing of the pulse, we insert a cairnulainto the trachea 
and begin artificial respiration ; we then note the rate of the 
pitlse and blow the irritating vapour into the nostrils, or inject 
the drug into the veins, and see whether or not the pulse is 
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rendered slow, taking care to keep up artificial respiration alT 
tlie tiinfs- If the drug cause convulsive movements wliiclv 
interfere with the proper performance of artificial respiration,, 
curare slioiild be given so as to prevent their occurrence, and 
tlie experiment slioulcl be again repeated. 

Are the Varjiis-fibres Irritated f — To ascertain this we apply 
the drug dissolved in an indifferent fluid, such as a sohition of 
lialf per cent, of chloride of sodium, or s(?rtim, to the nerve,, 
and notice whether any change occur in the heart-beats. Caie 
must be taken that the solution of the drug he not ap]die(l in 
too concentrated a solution, as false conclusions might thus be 
arrived at, for it might then have an irritant action, wliich it 
could not have if it reached the part througli the circulation 
and became diluted by the blood before reaching the nerve. 

Is tlwir Cmulucting Power Increased^ so that the Hoots can act 
tlirowjh them on the Heart more readily and powerfully 1 — If 
their conducting power be increased, other stimuli as well as 
tliG^e from tlie roots will act more powerfully on the heart. We 
therefore divide the vagi and apply a stimulus to the periplieral 
end of one or both by irritating them with one of Du Bois 
lieymoncVs induction-coils, and note at what distance from the 
primary coil the secondary one must stand in order to produce' 
stoppage or slowness of the heart ; we then apply tlie drug to 
the nerve below it and again irritate. If the excitaliility of the 
nerve be increased, stoppage or slow^iess sliould be j>roduced 
when the distance between the primary and secondary coils is 
greater — that is, when the current is weaker than before. It is- 
generally assumed that the fibres are not likely to be affected, 
arid these experiments are rarely performed. 

Are the Vagus-eruls Excited I — ^We may test this in tlie same- 
way as the action on the roots, by injecting the drug at one time- 
into the jugular and at another into tlie carotid. If it increase 
the excitability of the ends without affecting the roots, we should 
find it produce, vvlien injected into the jugular vein, an imme- 
diate slowing of the pulse, which does not become greater in a 
cpiarter of a minute afterwards, when the drug has reached the 
roots. When injected into the carotid, no slowness should occur 
till sufficient time has elapsed for it to pass round to the hearts 
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If it iacroase the excitability of both roots and ends, immediate 
■slowness should occur, whether it be injected into the jugular 
■or carotid, and this should become more markeid after 15 or 
, 20 seconds. If, like physostigma, it increase not ojlly the 
•excitability of the vagus-ends, but that of the quickening centre 
an the head, injection into the jugular should be followed by 
immediate slowing, which would become less marked when the 
■drug readied the head, and injection into the carotid by an 
amme<liate quickening, which would become less or give place 
■to slowness when the drug reached the heart. 

At first sight one might think that, after time had been 
4 dloweJ for the drug to pass round the circulation and be applied 
both to the vagus-roots and ends, its action on the heart would be 
the same whether it had been originally injected into the jugular 
or into the carotid ; but this is not the case, for that organ 
towards which the drug was injected gets a larger dose, and its 
action is more strongly excited than that of the other. Thus 
when physostigma is injected into the carotid, the quickeijing 
•centres are stimulated and the pulse-rate rises ; and, although 
the pulse falls somewhat after the vagus-ends liave also been 
acted on, it nevertheless continues above the normal, the stimu- 
iation of the vagus-ends not being able to counteract the still 
more excited quickening centres. When it is injected into the 
jugular, the vagus-ends get the laigest dose; and although the 
pulse, which is at first made very slow, may afterwards become 
quicker when the drug reaches the brain, it nevertheless does 
not reach the normal rate, the quickening centres being unable 
to counteract the more strongly excited vagus. If the vagus be 
then cut, however, the pulse becomes quicker than it would 
have done had no physostigma been given; or, if the vagi be 
first cut and the drug injected, the pulse is quickened at 
•once. One might think that, since the drug acts on the vagus- 
■ends, its action should remain after the nerves themselves 
have been divided; but since it is by increasing the excita- 
bility of the ends that it acts, if we separate these ends 
from the roots, and thus remove their normal sthnttlqs, their 
increased excitsibility can have but little effect. In .ordeT 
4;o measure the amount .of increase in the eEvil'ftfeiiity of 
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the nerves, we divide the vagi and iiritate them by an induc- 
tion-coil, noting the strength of current required to produce 
still-stand or slowness of the heart before and after injection of 
the dnig into the veins. 

Is the Sympathetic Paralysed ? — ^This is tested by cutting the 
vagi and dividing the spinal cord between the first and second 
cervical vei’lebi-ae, so as to exclude the action of those centres 
in the head which quicken tlie heart and raise tln» blood-pressure ; 
the drag is then injected, and the sympathetic irritated by an 
induced current and the pulse counted. If it be quickened by 
the iiTitation, the sympathetic is not paralysed. 

Are the Cardiac Gawjlia Paralysed ? — To see whether or not 
the nervous structures contained in the heart itself are acted on 
by a drag, we must separate it from all other nerves passing to 
it from without, and prevent its being acted on by anything 
other than tlie drug, such as altered blood-pressure or tempera- 
ture. This is done in mammals by dividing the vagi, the 
sympathetic cord, the depressor', and the spinal cord between 
the first and second cervical vertebrae. The heart is thus sepa- 
rated from the quickening and retarding centres, so that any 
alteration in its beats must be due to the nerves contained in its 
walls, or the muscular fibre of these walls themselves : at the 
same time the vessels are separated from the vaso-motor centre, 
and the lieart is thus protected from the ellepts of any change 
in the blood-pressure, except the gerrerally unimportant ones 
produced by the action of the drug on the vascitlar walls. The 
irumber and amplitude of the heart’s contractions are then 
registered by a needle placed in the ventricle, aird the blood- 
pressure by the manometer ; poison is injected into the jugirlar, 
and the tracings taken afterwards aro compared with those 
taken before. If we find that the heart-beats have become 
slower and weaker, while the pressure they have to overcome 
has not been increased, we may conclude that the motor nerves 
or the muscular substance of the heart have become paralysed, 
if the blood-pressure have risen, blood should be allowed to 
flow from an artery till it falls to its previous level, and then 
tracings should be taken with the needle for comparison with 
the previous ones. 
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Tbe action of drugs on the heart can be studied still better in 
the frog than in mammals, as the heart of the former can be 
completely separated frojn the body, so that the drug can be 
» applied to it alone. After its removal it continues to ipulsato 
just as before, and, consequently, any action of the drug on the 
rhythm or force of its beats can be very easily noticed. The 
usual way of making experiments on this subject formerly was 
to take out the heart and lay it in a solution of the poison, or, 
what was better, to take two glasses containing solution of chlo- 
ride of sodium (half per cent.) and add a little of the drug to one 
of them. A frog’s heart was then laid in each, and the beats of 
the poisoned compared with those of the iinpoisoned one. Both 
of these plans are inferior to that of Ludwig, who supplies th& 
heart with seram so as to keep it as nearly as possible in a nor- 
mal condition, and attaches to it a manometer, so that it may 
itself register the number and form of its beats, and give more 
exact indications than could be obtained by merely looking at 
it. The apparatus which he and Cyon first used, and whiclv is 
figured in his Arheitm for 1866, has been considerably modified 
by Dr. H. P. Bowditch, and is shown in Fig. 136. It consists of 
a bent glass tube (c c' c"), which is supported by a glass plate 
(p). The frog’s heart (a) is connected to the ends of this tube 
by means of india-i-ubber tubing and two glass cannula', one of 
which (b) is tied into the vena cava and the other (n') into the 
aortic bulb. The tube luis three openings, each of which is 
furnished with a three-way glass stopcock. By means of one of 
these (c) it can be filled with serum from a reservoir (k or k'), 
and tlie stopcock may he so turned as to allow serum to enter 
the part of the tube above it, the part below it, or both together, 
or the communication with k may be shut off while the lunieii 
of the tube remains open. By c', the serum which has been 
already used is allow'ed to escape, when a fresh supply is given, 
and c" allows tlie tube to communicate with a manometer (m), 
on the mercury in which a fine pen floats and registers its oscil- 
lations on a revolving cylinder (q). Each time the heart con- 
tracts it drives the serum with which it is filled put of the 
yentricle, round the tube, and l>ack through the vena cava into . 
the auricle, and at the same time raises the mercurial column. in th 



BO^^DITeH’S APPABATUS. ’ * 305 

Fia. H. F. Bowditch’s Apparatus for Fxporixaents on the Heart 

of the Frog. 



supplied, by o' old serum is let out, and c" allows the cornmuriicatioii bctwcim 
the bent tube B c' b' and the manometer m to be opened or shut at will, i) is a 
glass plate, through which the bent tube B o' b' passes. E is a rod ending in a 
ring into which d is fitted. E is a nut by which the wliolo apparatus can be 
nioYod up and down on the stand a. ii is a T-tube. J and are two clips to stop 
the flow of serum from K or k'. k and k' are two fountain-bottles for supplying 
serum to the heart, k contains pure, and k' poisoned serum. L and l' are bent 
i ubos which conrey the serum out of K and k'. m is a small manometer, n is 
tile pen or point which swims on the mercury. The horizontal part is made of 
glass ; the vertical rod of esparto grass, with a Bmall piece of sealing-wax at its 
lower end. The tracing may be made with ink, or with a dry point on smoked 
paper, p is a small weight which hangs by a piece of unspun silk from a bent 
wire, and keeps the pen resting on the paper. Q h the revolving cylinder, n is 
the clockwork, which is provided with one of Foucault’s regulators, s is a table, 
which can be raised or lowered at pleasure, and fixed at any height by the 
screw T. V is an india-rubber tube, through which the serum is emptied from X* 
X is a graduated tube, into which the serum is allowed to pass after it has circu- 
lated some time. Y is an india-rubber tube, which is generally closed by a clip, 
but is opened Tvhen the apparatus is to be filled, or when we wdsh to let down 
the mercury to zero, in order to draw an abscissa, w is a glass vessel, which 
fits tightly to the under side of J>, and protects the heart from external irrita* 
tion. Into the two holes seen in n tubes may be fitted air-tight, and the heart 
made to pulsate in an atmospbere of any sort of gas.* 

* This apparatus is made by Qeisler, Blume’s Hof, Berlin. Mr, Hawksley, 
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The height oif the curve tiin^d by the pen ddpenijs jifety much 
on' the ;ain(^ of serum %hich the ' heart oontinns, .bdag 
very mnciii higher when the heart is fuH ; and it nlust, there- 
fore, be equally filled each time, or very different tracings will 
be obtained. For this purpose I use, as reservoirs for the serum, 
fountain-bottlos, in the mouth of which it always stands at the 
same level, and, conse(piently, always fills the heart at the same 
pressure. One of them ^K) is filled with pure serum, and the 
other (k') with serum to which a certain amount of the drug to 
be tested has been added. 

For the purpose of introducing the cannula into the heart, 
the brain aud cord of the frog are destroyed by a piece of wire, 
and the animal fixed on its back to a board. A V-shaped in- 
cision, with its apex at the lower end of the sternum, and its 
limbs exteudiug upwards and outwards towards the forearms, is 
then made in the skin, aud the flap turned back or cut off. The 
sternum is then removed in a similar way. The pericardium is 
next opened, the cut being made while the heart is contnmMd, 
so as to avoid injuring it. The apex of the lieart itself is then 
turned upwards, and two ligatures are passed underneath a 
small vein which runs from its posterior surface to the pericar- 
dium. The ligatures are tied, and the vein is cut between them. 
The pericardium must now be removed entirely from the heaifr, 
and the vena cava supeifor and the right bmnch of the aorta 
tied. The vena cava inferior is carefully isolated ; a ligature is 
passed under it, a 811011; and wide cannula tied into it, and 
another into the left branch of the aorta. The heart is thon cut 
away from the body. Both cannulee are filled with serum, and 
connected by india-rubber tubing to the ends of the tube c o' c", 
care being taken to exclude air-bubbles. The end of the mano- 
meter nearest c is filled with serum by opening the clip at v, 
and allowing all the air and a little serum to escape. The clip 
is then replaced, and the heart allowed to beat once or twice, 
with the stopcock c aud the clip J freely open, so that it may 

of Blenbeim Street, Oxford Street, has adapted a bobbin and rollers to tbe 
reyolTuig cylinder figured above, bo that it will carry a continuous roll of paper,, 
and may be conveniently used instead of the kymograpbion shown in fig. 

.The instruments which I have already described as necessary for experfmehu 
may be obtained from him or from Oswald Hornn, Schiller Strasse, Lefipxig* 
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fall bif fresh serum. The stopcock c is then turned so 
its to; out bff the tube c c' c" from all commxinicatiou with k ; 
and tracinf4'S are then taken, an abscissa or zero-line being dtawii 
under each. The heart is next supplied with poisoned serum '• 
from k', and the tracings which it gives are compared with the 
normal ones. By slightly turning the stopcock c, a greater or 
less resistance may be opposed to the circulation of fluid, and 
tlie effects thus imitated wliich contraction or relaxation of the 
vessels would produce in the living animal. 

Anotlier apparatus lias been invented by Linlwig, and used 
by Coats in his research on the viigus, in wliich there is no 
circulation, the serum beiug simply forced out of tlie ventricle 
at each systole, aud falling back at each diastole. It gives, 
however, very good tracings of the number and form of the 
heart-beats, and is extremely well adapted for oliseivations on 
the effects of drugs on the vagus. It consists of a manometer, 

E and a reservoir, a, with which the frog’s heart is coniuicled by 
twj^paiiuula}, D and d'. The Irog’s heart is prepared by destroy- 
ing the brain and spinal cord, removing the sternum and fon?- 
legs, but leaving a large (lap of skin, s, to cover the heart with, 
and then introducing a caiuiula into the vena cava and aorta, as 
in the former experiment. Instead of then cutting out the 
heart, the liver and lungs are removed, and the stomach is cut 
through tlie middle ; and a glass tube, sealed at both ends, and 
as tliick as the (esophagus will admit, is pushed tlirough it till 
one end projects at the mouth and the other from th(3 cut end 
of the stomach. The vagus is thus clearly displayed ; and, in 
order to isolate it more perfectly, all other nerves should be cut 
away, as well as a jiart of the pharynx, so that no soft parts 
may toucli it from its exit from the bone to the jdace where it 
crosses the aorta. From thi.s point to the heart, it sliould be 
left untouched ; and the jugular vein should not be tied, so as 
to leave it undisturbed. The glass tube J is then fi-xed firmly 
in a holder L, and the cannute, n and d', connected with the 
reservoir A, and the manometer K Instead of the reservoir a 
shown in the figure, it is perhaps better to use two fountain- 
bottles. The apparatus is used just like that shown in Fig. 136 ; 
and the heart should ill this case also be filled so full that a 

x2 




A is a reservoir for serum, b, a stopcock to reflate the supply to the heart. 
0, a piece of caoutchouc tubing connecting a and D. n, a glass cannula in the 
vena cava inferior, d', another in the aorta, b, a manometer, f, a piece of 
tubing closed by a clip, to allow of the e8ca]>e of serum, o, a fine pen, floating 
on the mwury in b. h, the Ws heart. 4[, a sealed glass tube, pasW through 
tue cesophagus k, and firmly held by a holder L. If, a nut which . allows x. to be 
moved up and duwn. y, a second holder to support A. p, a stand with upright 
roci. s, a flap of skin to cover tlie heart and prevent drying, y, thd vagus. , 
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certain tension exists within it even during diastole. The 
amount of this is shown by the height of the diastolic curve 
above the zero-line. When tlie vagus is irritated, the tension 
during<»the diastole sinks ; but, if its inhibitory fibres be para-* 
lysed by atropia, which leaves its quickening ones unhurt, irri- 
tation has then the opposite effect, and the tension during the 
diastole becomes greater and greater till the heart may stand 
still in firm cojitractious. 

What Part of the Ganglionic. Aiyparatns in the Heart is 
affected I —\iv dealing with this part of the subject, we tread on 
very unstable gi’ound, for here pliormacology has almost run 
ahead of physiology ; and even with our physiological know- 
ledge of the nervous structures of the heart a great deal of 
speculation is mixed. We know that tlie licart contains ganglia 
scattered through its substance, but found in the greatest num- 
bers in the septum between the auricles and in the auriculo- 
ventiiciilar groove of the frog’s heart, in which they liave 
been cbiefly investigated. As the heart, long after it has been 
separated from the bodj^ or the apex after it lias been cut off 
from the ventricle, will still continue to beat rhythmically, the 
cause of the contiactions must be contained in itself ; and we 
assiinie the cause in each part to be the cardiac ganglia, and 
su[)pose that they are connected by some apparatus which keeps 
them working liarmoniously together, as the diil'erent parts of 
the heart all contract in a definite order so long as it is unin- 
jured. Their action may be rendered slow or quick by nerves 
passing to them from without, both the retarding and the 
quickening nerves being contained in the vagus in the frog 
while in luarniuals the retarding ones are found in the vagus, 
and the quickening ones chiefly in tlm third branch of the 
ganglion stellatum (or first dorsal generally joined to the last 
cervical), although some may also be found in the vagus. 

Some physiologists consider that the function of all the 
ganglia is simply to keep up rhythmical moveiuents in the 
heart. Others hold that only some of them, found chiefly 
ill the venous sinus and ventricle, have this function : 
>yhile others are inhibitory, and restrain the action, of the 
former. These inhibitory ones exist chiefly in the septum 
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between the two auricles. The reason of this supposition 
is tiiat, when the venous sinus is separated from the rest of 
the ])eiirt, it continues to pulsate; but the auricles aijd ven- 
tricles .stand .still. When the ventricle is cut oif from the 
auricles, it begins to teat again, hut the auricles do not; so that 
it would seem a.s it the motor apparatus in the venous sinus and 
ventiicle.s together could overcome the inhibitory apparatus in 
the auricles, and keep the heart going ; but that this is too 
stroll'." for the motor ganglia in the ventricle alone, and will not 
let them go on till they are separated from it, or till it becomes 
exhausted, whicli it seems to do after a little, and then both 
auricles and ventricles begin anew. The physiologists who 
hold the simpler view, say that this stoppf^e is only due to the 
irritation of the vagus-fibres which run along the venous sinus, 
and that the renewed cardiac contractions are simply due to 
the irritation passing off. The pharmacologist, however, is not 
contented even with the more complicated of these mechanisms, 
but demands a still more elaborate nervous apparatus in order to 
explain tlie action of poisons on the heart. The necessity for this 
has been clearly shown and a plan of the nerves drawn up by 
Professor Selimiedeberg. I have endeavoured to rcjpresent the 
supposed nature of this apparatus in the accompanying diagram. 
(Fig. 1 oS.) It consists of a ganglion M, which keeps up a rhyth- 
mical contraction of those muscular fibres of tire heart to whiclr 
it is connected by the fine nervous filameuts E. This ganglion 
is connected by an intermediate apparatus, B, with an inhibitory 
ganglion I, which can retard or stop the muscular contractions 
which M produ(?es ; and by another apparatus C, with another 
ganglion Q, which quickens the contractions, i is connected by 
an intermediate apparatus, A, with the retarding fibres v, of the 
vagus, and Q by a' with the quickening nerves s, of the heart. 

M\,jhiiory Giuvcjlm of HearL- — We have hitherto included 
under the terms vagus-ends all the inhibitory apparatus in 
the heart ; but, when we begin to experiment with the heart 
alone, we find that poisons which such experiments as have 
already been described would lead us to class together as acting 
' on the vagr^ ends, really act on very different parts of the 
> )raidiae nervous system^ ITrus nicotia, when injected into tdw 
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bl6od after the vagi and cord liave been divided, renders the 
pulse slow ; but tliis soon gives way to quickening ; or, if the 
dose be large, quickening may occur at once ; and, if we then 
irritatLthe vagus, we find that we cannot render the heart ■> 
heats slow any more than we can after poisoning by atropia. 
We thus see that, after the irritation which nicotia first occa- 
sions in the vagus-ends has passed oft', it paralyses them ; and 
we might thus be inclined to think that they acted on the same 
structures. But, if we give nicotia to a frog, and instead of 

Fig. 138. — Diagram of the hypothetical Nervous Apparatus in the Heart* 



M, motor ganglion, i, inhibitory ganglion. Q, quickening ganglia. V, inhi- 
bitory fibres ; and s, quickening fibres from the medulla, a, a', b and o, inter- 
mediate apparatus, k, fibres passing from the motor ganglia E, to the muscular 
substance "f. For simplicity’s sake, only one set of motor ganglia has been 
represented, but other similar ones are to bo supposed to be present in other 
parts of the heart, and so connected with this set that they all work in unison. 
It must be remembered that this diagram is purely hypothetical ; but if this be 
carefully borne in mind, the sketch will be found of service in remembering and 
comparing the action of different poisons on the heart. 

irritating the vagus, we irritate the venous sinus, still-stand of 
the heart is at once produced; while, if atropia be given, and 
the venous sinus then be irritated, the pulsations are not slowed 
at all— showing us that there is some inhibitory apparatus in the 
vepous sinus which has been paralysed by atropia, hut left 
untouched by nicotia. We may substantiate this conclusion by 
another and extremely useful method of investigation— viz., by 
administering another poison, and seeing how its action is 
affected by each of the other two. If we allow a little muscaria 
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tio reach a frog’8 heart, its beats become slower aud slower, and 
at last cease altogether, the ventricles remaining widely dis- 
tended, just as they would do if the vagus were strongly 
galvanised. If nicotia be then injected into the frog oijlniixed 
with the serum supplying an excised heart, no alteration is 
observed ; aud if nicotia be injected before the rauscaria, the 
latter poison stops the heart just as usual, although the nicotia 
may have so paralysed the vagus that no irritation whatever 
applied to its trunk could act on the heart But, if atropia be 
used instead of nicotia, the effect of the muscaria is at once 
destroyed, and the heart, which was standing quite still, imme- 
diately begins to beat If the atropia bo applied first, and 
muscaria given afterwards, it has no effect Hence we see that 
nicotia has paralysed some part of the inhibitory apparatus 
farther away from the motor ganglia than that on which mus- 
caria acts, while atropia has acted either on the same part as 
muscaria, or on some other one which lies between it and the 
motor ganglia. 

Now, as the inhibitory effect produced by muscaria is not 
developed all at once, but goes on slowly increasing till it makes 
the heart stand still in diastole, it seems proljable that its 
stimulating action is exerted on a ganglion, rather than on a 
nerve-fibre, and we therefore suppose that it acts on the inhibi- 
tory ganglion l. As the action of nicotia is exerted on some- 
thing farther from the heart than i, our first idea is that it 
must be the nerve-fibres v. But on applying nicotia to the 
trunk of the vagus, after fixing the heart in Coats’ apparatus, 
we find, on irritating the nerve above the point, that it still 
conducts impressions and causes stoppage of the heart. We are 
thus led to suppose the existence of an intermediate apparatus 
on w’liich nicotia acts ; but, whether or not this intermediate 
part simply consists of nerve-fibres less protected from the 
poison than those in the trunk, we cannot say. As atropia 
destroys the action of muscaria, it may act like muscaria on i; 
but the fact that muscaria does not destroy that of atropia 
would lead me to refer the action of the latter to a part between 
l and M, which is represented by s. Of what nature this part 
is we know nothing ; but that such a part exists is rendered 
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^11 the more probable by the mutual atit«agoiiisiii of atropia and 
physostigma. Althougli this latter poison renders the vagus 
very sensitive, so that the power of any irritfitiori applied to its 
trunk *tiO stop the heart is immensely increase^!, yet it luis not 
tlio extraordinary power of producing still-stand of the lieart 
possessed by niiiscaria. Unlike mrscaria, houever, it has tlie 
power of removing the paralysis of the vagus produced by 
atropia, and, thougii an additional dose of atropia will agriin 
cause paralysis, a second dose of physostigma will again remove 
it. This dillerence of action between niuscaria and physo- 
stigma seems to show that they act on dilTerent nervous struc- 
tures; while the mutual power that atropia and physostigma 
possess to neutralise each other’s effects, indicates that atropia 
acts on the same structure as physostigma, and consequently on 
a different one from muscaria. 

Antagonism of Atropia and Physosf/ajma . — Atropia and physo- 
stigma are thus physiological antidotes to each other ; and 
Fraser has showm that a dose of physostigma large enough to 
kill an animal may be given to it with im{)unity if atropia he 
administered along witli it, and that the animal may be after- 
wards destroyed by a small dose given alone. It is true, 
they do not completely counteract each other’s action, each 
one seeming to produce several effects, some of wdiicli, and these 
the most deadly, are neutralised by those of the other drug, 
while others are not so neutralised ; and, if enormous doses be 
administered, those active effects which are not neutralised may 
become so pow^erful as to cause death, although they are com- 
paratively unimportant when the dose is small. 

IniportancG of this in Therapeutics, — ^Nevertheless, within 
certain limits tliese poisons do antagonise each other most suc- 
cessfully; and this observation seems to me to have a most 
important bearing on the treatment of such diseases as have 
their origin in morbid matter introduced into the system, for it 
shows that it is not always necessary to eliminate a poison in 
order to remove its effects, but that it may be neutralised and 
rendered innocuous while still present in the organism; and 
seems to indicate that, for the treatment of zymotic diseases, we 
should seek to discover such remedies as will counteract the 
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effects of tlie poisons on which they depend, and not merely 
endeavour to quicken their elimination. 

Action of Variom Drugs on the DihibUory Apparahis.-^^xmi 
■ experiments which he has made on the excised hearts of frogs 
with Ludwig and Coats’ apparatus, Boehm has come to the 
(?fmclu.sion that conia paralyses the terminal filaments of the 
vagus ; nicotia the intermediate structure between them and tlie 
inhibitory ganglia ; and that others, such as atropia, hyoscyamia, 
daturia, phy.sostigma, aconitia, delphinia and veratria, diminish 
or destroy the irritability of the inhibitory ganglia themselves. 
It is rather extraordinary to find physostigma in this list ; and 
it would tlius seem that the pure alkaloid which Boehm used 
had a different action from the tincture used by Von Bezold, 
unless it be that the result depends simply on a difference in 
the amount of the poison used. 

Accelerating Ganglia in the Heart. — We infer the presence of 
quickening ganglia in the heart from the effects produced by 
irritating the vagus after its inhibitory power has been destroyed 
by the administration of nicotia or atropia. When irritation is 
then applied to the nerve, it no longer produces retardation, 
but, on the contrary, a decided acceleration of the cardiac jnilsa- 
tions. This shows that the vagus contains fibres which quicken 
the heart, and that these are unaffected by the drugs which 
have paraly.sed the others. The quickening, however, does not 
take place till some time after the application of the irritant, 
and, if it be applied only for a short time, no acceleration may 
take place till after its removal ; but, after it does occur, it 
‘ remains for a considerable time. If we irritate the heart 
directly, instead of irritating the nerve, its beats are quickened 
at once, and the acceleration does not last long after the inita- 
tion is discontinued. This shows that, when we stimulate the 
quickening nerves, we do not act directly on tlie motor ganglia .'i 
(Fig. 138), as we do when we irritate the heart itself, or as we 
should do if the quickening fibres ended directly in them ; 
and we thefefofe infer the existence of the acceleiuting ganglia 
Q between the quickening nerves s and the motor ganglia M. 
The accelerating apparatus seems to be stimulated by yemttia, 
for we find that the cardiac pulsations are increased by its 
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^^ministi'ation to niainuuils in which the spinal cord, vagi, 
syinputhetics and depressors have all been divided, or when it 
is applied to the excised heart of a frog. 

Is Qidckening of the Excised Heart dve to Pandysvi of Inhihi- ■ 
tary or Stimulation of Acceleratiny Ganylia 'i — It is possible that 
Die quickening may be due to paralysis of' tlie inhibitory 
ganglia in the heart, and not to stimulation of the quickening 
ganglia. Tliis can be decided by paralysing the inhibitory 
ganglia by means of atropia, before applying the poison to be 
tested — e.g., veratria. If the latter poison exercise a stimulating 
action on the quickening ganglia, it will quicken the heart after 
atropia has been applied. If it simply paralyse the inhibitory 
ganglia, it will have no lurther effect alter their power has been 
destroyed by atropia. In the diagram, I have figured inter- 
mediate structures c and D between the quickening nerves and 
ganglia, so as to correspond with those of the inhibitory appa- 
ratus ; but whether they really exist or not, we cannot at 
present say. 

Is the Co-ordinatiny Apparatus of the Cardiac Ganylia Para- 
lysed i — Kegarding this apparatus we know almost nothing. 
When the heart is dying its rhythm is often disturbed, and two 
or three contractions of the auricles may occur for every con- 
traction of the ventricle. When laudanum is poured into the 
heart, the rhythm is quite revei-sed ; for after each pause the 
ventricle contracts first, and contraction of the auricle follows 
it. Digitalis and some other poisons cause peristaltic move- 
ments in the ventricle ; and occasionally some spots in the 
ventricle continue to pulstite while the rest of it remains firmly 
contracted and motionless. These effects are probably due 
to disturbance of the apparatus which connects the difierent 
motor ganglia in the heart and causes them to work in unison. 

Are the Muscular Fibres of the Heart Paralysed — We test 
this by applying an irritant to them directly, and seeing whether 
or not they contract. If the motor ganglia be uninjured, the 
application of an irritant generally produces a rhythmic conti’ac- 
tion of the whole heart ; but, if they he paralysed while the 
muscular fibre is healthy, the irritation only causes a local con- 
traction of the part to which it is applied. 
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Mood-Premire. ' 

The blood-pressure depends on two things — 1, the activity 
,witU which the heart pumps the blood into one end^*of the 
arterial system ; 2, the rate at which it flows out at the other 
end into the veins. The rate is regulated by the small arteries 
and capillaries, which dilate and contract so as to quicken or 
slow it. The power of contraction is denied to the capillaries 
by many physiologists ; but Strieker has, 1 think, conclusively 
shown that they do possess it. 

"The rapidity with which the blood flows through them does 
not depend entirely on the width of the capillaries, but also on 
the pressure in the arteries which is forcing the blood into 
them. The higher this is, the more rapidly does the blood fli)w ; 
and in proportion as it diminishes does the current become 
slower. From this circumstance we can judge of the force of 
>the heart-beats from the form of the curve which we obtain 
•with the sphygmoseope. When the heait contracts with great 
‘force, it drives the blood out of the ventricle into the arteries so 
quickly that there is no time for nnich to escape from the capil- 
laries while the systole lasts, and so the tension rises high. 
This increased tension makes the blood run quickly out of the 
capillaries, and we have a fall of pressure, rapid at first, but 
gradually becoming slower as the tension diminishes. This is 
shown in Fig. 139. When the hejirt contracts less forcibly, it 
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sends in the blood more slowly, and there is time for a ^«ater 
quantity to escape by the capillaries during the systole ; and 
the tension does not rise so high. From the tension being 
lower, the outflow of blood is not so qtiiok, and the pressure 
therefore sinks more gradually than in the former case. This 
is represented in Fig. 140. Both of these figures were obtained 



EXAMINATION OF CAWLfcABIBS. A 317 


Fro. 140. 



by connecting a sphyginoscope with a scliema of the circulation 
such as I have already described, and compressing the india- 
rabber ball which represented the heart with greater or less 
force and suddenness, care being taken, however, to empty it 
completely each time, so tliat the amount of air sent out should 
always be alike. 

As variations in the blood-pressure may be due to alterations 
in the activity of the heart or the size of the capillaries, or to 
both together, we cannot say when it is due to the one and 
when to the other, unless we can keep one of them constant 
wliile we allow the other to alter, or unless we examine them *, 
Ixith separately. 

Eliniitwiion of the Action of the. Heart . — We may keep the' 
action of the heai't tolerably constant, and thus ascertain with 
considerable exactitude the action of any drug on the exit-tubes 
— whether they be arterioles or capillaj’ies matters not — by 
separating the heart from the nerve-centres, and then injecting 
the drug into the circulation. 

Di'tnsion of Cardiac Nm'ves . — This separation can be effected 
to a considerable extent by dividing the sympathetics, vagi and 
depressors in the neck ; but it is done much more effectually by 
dividing the nerves near their entrance into the heart by a fine 
wire heated by means of a galvanic battery. 

As poisons generally produce their most marked effects on 
the heart of mammals through the nervous centres whose con- 
nexion with the heart we have thus severed, alterations in the 
blood-pressure will be due to changes in the vessels, except in 
so far as the drug may have affected the cardiac muscle or 
ganglia. But, just as we obtained the most exact results when 
we examined the heart altogether apart from the blood-vessels, 
so we shall probably come to the most satisfactory conclusions 
regiprding the vessels by observing them apart from the heart. 
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You will remember that, during the diastole, the circtilatioiTIt* 
carried on entirely independently of the heart by the pressure 
of the blood in the arteries ; and, if we can prolong the diastole 
'Sufficiently, we shall be able to tell whether the vessels are 
dilated or contracted by simply seeing whether the pressure 
sinics quickly or slowly. 

If we prevent any blood from being pumped into the aorta 
, by the heart, the arterial system will come to resemble a bottle 
with a hole in it, from which the fluid which it contains is 
running. The larger the hole, the more quickly will it run out 
and the bottle become empty, and vice rersd ; and, in the same 
way, the more dilated the capillaries are, the quicker will the 
blood run out of them into the vein, and the pressure sink in 
the arteries ; the more contracted the capillaries are, the more 
slowly will the blood flow through them, and the more gradual 
will be the fall of pressure. In the case of many jjoisous, we 
may do this by iiritating the vagi before poisoning, and seeing 
how quickly the pressure falls while the heart is standing still ; 
and then repeating the experiment after injecting the poison, 
Jf the pressure fall more quickly in the second case, w'e know 
that the vessels have become dilated; and if more slowly, that 
they have contracted. Of course, only those parts of the 
tracings in which the ]>ressure has been the same are to bo 
compared with each other; but,, if we stop the heart long 
enough, we can always got parts in both which are capable of 
comparison. 

When the poison paraly.ses the vagus, as atropia does, tins 
•method fails; and then we must open the thorax, perform arti- 
ficial rc.spiration, and put a ligature round the aorta. 

Arfifieial Circulation in Mammals.— As an animal quickly 
dies when the aorta is ligatured, it is better to carry on artificial 
circulation by a syringe through a cannula inserted into the 
aorta, as Ilering has done in his researches on the con- 
nexion between arterial movement and respiration. After the 
blood has circulated once, it may be defiVttinated, shaken with 
air, warmed to 40® Cent., and re-injected. Imstead of using a 
ayringe, the cannula in the aorta may be connected with the 
. n^^ 141, and the blood put in the flask E. It cau thus 




bo kept at a constant temperature more easily than when a 
syringe is employed. The pressure may be alternately increased 
and diminished so as to imitate the beats of the heart by raising 
and depressing the llask A. This may be done by passing a 
string over a pulley, and attaching one end to the flask and the 
other to a treadle W'orked by the foot. Warm blood has the 
disadvantage, that it undergoes change and becomes decomposed 
quickly : and cold blood may, therefoie, be sometimes preferred. 
Wien cold blood is employed, only the flask which contains the 
blood is necessary ; and it may be raised or lowered in the same 
way as the other. 

Artificial Circulation in Fvoqc. — Artificial circulation may be 
kept up in frogs by simply inserting a cannula into the aorta* 
and allowing blood to flow into it from a raised I'eservoir, as 
done by Ilollett. By using two, as in the experiments on 
the frog’s lieart, nonnal blood may be allowed first to circu- 
late through the vessels ; and, the web being put under the 
niicrascope, their dnuneter may be measured ; and then 
poisoned blood may be allowed to flow through them, and any 
change in their diameter noticed. 

Observation of Vessels . — ^Tho parts best adapted for ob.serviu|f 
changes in the size of vessels in mammals are the ear in rabbits 
and the mesentery. When the mesentery is chosen for observa- 
tion, the abdominal parietes should be divided ; but the peri- 
toneum should not be opened, as changes in the diameter of the 
inesentenc vessels may be observed through it, and they are 
thus protected from the disturbing element which the irritation 
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prodhced by tbe access of air to them would introduce xuto*'1Sil* 
experiment. The vessels in the rabbit^s ear are r^dily measured 
by a raicronieter used with one of Briicke’s magnifiers, vtdiich is 
*. simply a telescope with an extremely short focus, /he ear 
should be held up so as to allow the light to shine directly 
through it, and the magnifier placed horizontally. 

The area of the capillaries may be lessened, and the flow of 
blood tlirough them retarded in two ways : 1 , by contraction of 
their walls; 2, by pres.sure exerted on them from without. 
They may be made to contract by irritation, 1, of the vaso- 
motor centres, 2, of the vaso-raotor nerves, or, 3, of their mus- 
cular walls ; and pressure may be exerted from witliout by the 
motions of muscles or of organs composed of involuntary mus- 
cular fibre such as the intestines. The movements of aspira- 
tion also, as already mentioned, e.xercise an important influence 
on the pressure. 

Mimiimtion of Jiesqnration and Mnscvl-ar Movement — The 
: ifiSuence both of respiration and of muscular movement may be 
ehhnhDiated by giving the animal curare, and keeping up artificial 
respiration, before beginning to expeiiment with the drug whose 
actdph we wish to examine. 

. Mihination of Vaso~motor Centre. — ^For the purpose of ascei’- 
f^ining whether the drag has acted on the vascular walls or on 
the vaso-motor centre, we divide the vaso-motor nerves going to 
a pact before injecting it, and see whether it acts as it would 
huye done had they been undivided. Thus, when we are 
ol^rying the rabbit’s ear, we divide the sympathetic in the 
neck ; and, when looking at the mesentery, we cut the 
splanchnics before the injection, and see whether the vel^ls 
c<m|r£«3t or dilate as we have irreviously seen them do under 
I li^pen^ of the poison in animals in whom the nerves were 

'v For the; purpose of ascertaining whether the drug acts on all 
4 .i0'e vessels in the body in the same way that it does on those of 
the ear or mesentery, we first cut the vagi, sympathetics and 
depressors^ end then divide the spinal cord between the oGcipUt 
5 , lalid atlas, or atlas and axis, so as to sever the connexion beiween 
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Ijl^yaso-njotor centre and vessels, and begin aitificiul respira- 
tibin . We next note Jtlie blood-pressure, inject the poison, and 
,see what alterations it produces. Experiments nioy also be 
made irritating the vagus or ligaturing the aorta. ^ 

Action of Siirromulinij Parts. — It sornetinies happens, as in 
the case of physostigma, that the drug produces no contraction 
in the vessels of the ear or mesentery wlien tlieir nerves are cut 
—a fact which shows that it acts on them througli the vaso- 
motor nerves, and not directly on their walls ; and nevertheless, 
when injected into a vein after the cord has boon cut, it may 
caiise the hlood-pressnro to rise very considerably. At first 
sight, this would seem to indicate that the drug acted on the 
walls of some vessels in the body, if not on those of tlie ear or 
mesentery, directly, and not through their vaso-motor nerves. 
On examination, however, it is found that the obstruction to 
the flow of Idood tliroiigh tlie capillaries does not depend on 
their contraction, hut on tlie occlusion of a largo number of 
them in the intestine by spasmodic contraction of the intestinal ' 
walls in which tlioy are imbedded. 

Influmce of the Pidmona-ry Capillaries . — It lias lately been 
pointed out by Holmes that when a drug such as ergots 
which acts on the walls of the vessels and causes tliem to qoh- 
tract, is injected into the jugular vein, it has to pass through 
the pulmonary capillaries before it reaches the systemic ones ; 
and, by contracting them, it will lessen the amount of blood 
sent into the aorta from the left ventricle, and will at first pro- 
duce a fall ill the arterial pressure, succeeded by a great rise 
wdien time has elapsed for the drug to reach the systemic 
capillaries and cause them likewise to contract. 

of the S2'fhygmograp1h. — For a description of the spliygmo- 
gi'aph and the inode of applying it, we must refer to the special 
works on that subject, such as those of Marey and Sanderson^/ 
The indications which it gives are the following : 1. The greatCE 
or less preKSSure which is requisite to compress an artery and stojp. 
its pulsations enables us to estimate approximately the ainoiiht , 
of pressure within it. 2. The amount of pressure and the 
rapidity of the pulse help us to form conclusions regiirding the 
motor and itihibitory apparatus of the heart, in the same way vM 
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in the, experiments already mentioned, though, !of course, 
tttuch more limited extent and with much less certainty. 
3. The torm of the ctirve, like those in Figs. 13 attd 14, shows, 
in the same way as those of the spiiygmoscope, Figs. 13 ^nd 14, 
the rapidity with which the pressure falls duHng the fliastole, 
and from this curve and the amount of bloodrpressure we can 
judge of the size of the capillaries. 

Lectl'ke V. — See Appendix, p. 643. 

VI. — Ee-spiration. 

(Reprinted from the British Medical Journal^ Feb, 13, 1876, p. 201.) 

Position of the Respiratory Centre ; chiefly situated in the Medulla Oblongata, 
but extends also to the Spinal Cord. — E fleet of Strychnia upon it.—In- 
jfluehce of Nerves upon it. — Influence of Vagus. — ^^’"agiis t'ontams two setsi of 
Fibres, Accelerating or Inspiratory, and Retarding or Expiratory. — Cause 
of Rapid Breathing in Pneumonia. — Influence of the vSuperior and In- 
ferior Laryngeal Norves.^Nasal and Cutaneous Nerves.— Local Action of 
Vapours when inhaled.— Action of Anvtnonia, — ^Methods of Regii>tering 
" Respiratory Movements. — Acceleration of Respiration by Drugs. — Is it duo 
to (1) Excitement of the Voluntary Nerve-centres, (2) Increased Tempera- 
ture, (3) Incmised Vcno.sity of the Blood? — Increased Venosity may bo duo 
to (A) Proventiou of Blood from reaching the Air ; (B) Prevention of Air 
from reaching the Blood. Blood may bo prevented from reaching Air — 
(a) By Stoppage of the Heart; Action of Quinine.— (/-») By Embolism of 
the Pulmonary Vessels ; Action of Condurango- — (e) By Contraction of the 
Pulmonary Capillaries'; Action of Muscarine. — Observation of the Pulmo- 
nary Capillaries in the Frog under the Miero-scoiio. — Kilect of Heat and 
Cold ui>on them. 

It used to be supposed that the respiratory centre was not only 
situated in the medulla oblongata, but w^as confined to it. 
"^Jegallois found that tbs cerebral hemispheres, cerebellum, and 
even a part of the medulla itself, could be removed without 
arresting respiration; and thus show'cd that the respitatory 
centre was either in the medulla or in the spinal Qprd. 
p^nences mr la Principe de la Vie. Paris, 1830, tome i) 
Flourens noticed that injury to a point named by him iioeud 
i^al, at the low'er end of the calamus scriptoriiis, instantly 
arrested respiration, and thus caused death {Comptei Mendns, 
ypl. xxxiii, page 437) ; and all experimenters have found that 
division of the cord just below the medulla tdsp arrested 
fibreathiDg, These experim®to seem to show most-boholusivieSy 
that tW respiratory centre is situated in the medulla^ ahd does 
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if extend to the spinal cord; but the rtcjnt researches of 
Prokop Kphitansky (Strieker’s Medidnisclbe JahrhUcJier, 1874, 
p, 30) 0 X 1 tins subject show how careful we must be in drawing 
concliisions from experiments. Like all others, he has found thatj, 
under normal conditions, breathing ceases as soon as the influence 
of the medulla is destroyed by division of the cord just below 
it. But if strychnia be given to the animal, so as greatly to 
increase the excitability of its respiratory centre as well as of 
other reflex centres bel'ore the cord is divided, respiration will 
go on after the section has been made ; and strychnia injected 
into the veins after the section will restore the respiratory 
movements, whi<jh the cut liad arrested. This shows that the 
respiratory centre is not confined to the medulla, but extends 
into tlK^ spinal cord. The part contained in tlie cord is, how- 
ever, too weak to keep up resjiiration alone under ordinary 
circumstances, though it can do so when its jiower is increased 
by stiyclinia. These remarkable olfccts of this poison give 
proniise of future benefit from its use as a i-estorative in eases 
of death from droAvniiig, «&c. ; but further experiments on 
animals are neocssary before we dare employ suob a power- 
ful remedy in man. 

Rokitansky’s experiments enable us to demonstrate the 
presence of a rcspiratoiy centre in the si>inal cord, as well 
as in the medulla of adult animals; but it is only fair to say 
that this was shown long ago by Brown-Seixnard in the case of 
yoxxng ones. In young mammals and adult birds, he found that 
the thorax continued to execute rhythmical respixatory move- 
ments for a short time after the cord had been divided trans- 
versely at the level of the first or second pairs of cervical 
nerves, so that there must needs be a part of the respiratory 
centre in. the cord below that level (Jmirnal dela Fhysiologie, 
vol. i, 1858, p. 223, and vol. iii, 1860, p. 153). Besides this, 
he ^ considers that there are what wo may term peripheral 
respiratory centres — ^viz., ganglia in the substance of the- 
diaphragm itself analogous to those in the heart, which enable 
it to contract rhythmically after its connections both with the 
ux^xilla oblongata and with the spinal cord have been destroyed 
{< 2 ?. (M., voL u, 1869, p. 115). 
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the excitement of the ix39pmitoi7 centre and tlie^ 

■ 'amotirit of work done by the respiratory muscles depend on 
the venosity of the blood in the medulla oblongata, Vj^t this 

■ 'work may be dilTerently distributed by the respirations*»becoin- 
ing quicker but shalhjwer, or slower but deeper, witliout the 
quantity of air respired being at all altered. This is eirceted 
by the action of various afferent nerves, of which tlie chief are 
the vagus, the su])erior laryngeal, and the nasal nerves ; though 
others, such as tlie cutaneous nerves generally, have consider- 
able inti nonce. 

Irritation of the vagus, or of its central end when divided, 
lessens the resistance in the respiratory centre, and (piiekens 
the respiration, but makes it shallower. Stronger irritation 
causes prolongation of inspiration. A very vstrong oxcitatioii 
annihilates the resistance in the centre, and causes inspiratiun 
to be almost indefinitely prolonged, so that the breathing is 
completely arrested. 

The ends of the vagi in the lung are normally in a state of 
constant excitation, and tlierefore division of these iierve*s 
renders the respiration slow. 

Irritation of the vagi, on the contrary, causes, as^we have 
said, considerable acceleration of tl)e respiration; and the 
quick breathing which we observe in ]')ncumoriia is I'wobably 
due to the irritation of the pulmonary biaiiclies of the vagus 
which the iiiHamniation produces. It can hardly be caused by 
the venous condition of the blood alone, nor yet by increased 
temperature ; for the blood may be very inucli moi*c venous in 
bad bronchitis, and the temperature higher in fever, without 
the respiration becoming anything like so rapid as in a case of 
pneumonia. But, although I thus speak of tlie vagus as an 
inspiratory or accelerating nerve alone, I do this only for the 
sake of simplicity, as this is its chief function. It really con- 
tains, however, both inspiratoiy and expiratory fibres, alfcjiougli 
the former predominate. (Hering and Brener, Wiener Acad. 
Sitzwngs^hcr. Math.-Natui'wm, CL, vol. Ivii, Ab. 2, page 672.) 
The inspiratory fibres are excited by collapse, and the expira^ 
teiy fibres by dist^^ of the lung. Thus, these iierves forfii 
a sort p£ regulating mechanism for the respiratory uiovemeuts. 
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^ <feoori as a tloep inspivatidn is taken, ttie distension of the 
lungs excites the expiratory fibres, andjeads to tlie consequent' 
expulsion of the air; as soon as expiration takes place, the 
cffilap^ of the lungs excites the inspiratory fibres, and thu8» 
leads to renewed iuspiratioa 

Fid. V<2. — Diagram sLowing the position of Eespivaterjr Centre, and the Afferent 
Serves whicii influeneo it. Tn:*piraiory Nerves are indicated by plaini 
and Expii’iitory liy dotted, lines. 



\ 


A. Tn pira<orv and Expiratory Eibres F. Larynx. 

for Voluntary alterations in Re- H. Expirat >ry Fibrfs of Vagus el* 

spirafion. cited by distension of Lung. 

1*. Cutane(»U9 Xerves oF Face. 1 jJ, . Iri*‘pirato'’y Fibres of Vagus ei* 
Xasal IJiVineh of Fifth Nerve, j ^ fc* cited by collapse of Lung, 
n. Superior laryngeal Nerve. Respiratory Centro in Medulla 

t:. Infer or Laryngeal Nerve, and Coid. 

<i. Cutaneous Nervea of the Chest. / I*. Spinal Cord. 

As tlie effect of irritating other nerves as well as the vagus 
is not always alike (Bert, Lemons $ur la Reqnration, page 490), 
it is probabfb that tlie laryngeal, nasal, and cutaneous nerves 
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ttiay also contain both inspiratony and expiratory fibi-es. It tia* 
alyeady been mentioned, that the accelerating fibres of tlie 
in the lungs are probably irritated in pneumonia, but in 
dironchitis the expiratory ones are chiefly irritated, aqfl give 
rise to the expiratory eflbrts in coughing, which serve to expel 
any irritating substance in the bronchi. When these fibres are 
exhausted, or tlie respiratory centre is feeble or irresponsive, 
the mucus will remain, and consequently strychnia suggests 
itself as an auxiliary in such cases. If the irritation depend 
on sometluiig which cannot be removed by coughing, such us 
miliary tubercle, we employ opium, chloral, &c., which lessen 
the excitability of the respiratory centre. 

Moderate irritation of the superior laryngeal nerve renders 
the respirations slower but deeper ; a stronger irritation pro- 
longs expiration ; and a very strong one causes the respiration 
to stop entirely in the state of expiration (I’osenthal, Aihcnibe- 
wegunyen, p. 244) until the increasing venosity of the blood 
greatly stimulates the respiratory centre, and causes respiration 
again to conim<:iice. 

Irritation of the inferior laryngeal nerr'e (Burkart, Pfliiger’s 
Arch., vol. i, p. 107), and of the supramaxillary (Kratsclimer, 
SUzunyes-ber. der Wmi. Acad., Math.~Nat. Cl, 1870, vol, Ixii, 
Abt. 2, p. 24), and nasal bi'anches of the fifth nerve, acts in a 
similar way to irritation of the superior laryngeal nerve, as 
well as irz'itation of the cutaneous nerves generally, and 
especially of those of the face and chest. (Schiff, CoiiipL 
^nd., 18G1.) 

We have tlien to find out whether the alteration in respira- 
tion produced by any drug is due to its action on the respiratory 
centre, or on some of the nerves which influence it; and the 
following table may help us to do so more readily, by showing 
at a glance the chief w'ays in which the respirations may be 
accelerated or retarded. 


The mp:rat-orjr 
maremeote 
; iWajf' be quick- ' 
uiiM Iqr 


f Excitement of 

I nerrcB. 

Qteater excitement id: 
re^. centre. 


{ Increased irritation of the yngus. 

Uy action of voluntary centre. 
"Increased tcmperalure of blood, 
Increased venosity of blood.. 
Action of 'drugs. 
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fDimimshed excite- j* Biminiehe*! venosity of blood, 
menfc of respiratory < Action of drugs, 
centre. 


The respiratory 
tnovements 
may tjf ren- 
derW by 

l^Nervons influences. 


'Slight irritation of cutanea 
nerves. 

Action of voluntary centre. ^ 

. Paralysis of vagi. 

Irritation of superior laryngeal 
nerves. 

Irritation of inferior laryngeal 
nerves. 

Irritation of nasal nerves. 


If the drug to be experimented on be injected subcutaneously 
or into the veins, the actions on the resijiratory centre and 
on the vagi are the chief points which require attention; 
but if we are experimenting witli a vapour, its local action 
on the nasal, laryngeal, and possibly, also, on the pharyngeal 
nerves (Brown-St^uard, Archives of Scienfific and Practical 
Medicine^ p. 94) must be carefully attended to, as it may 
greatly modify its general action on the respiratory centres. 
Thus Kratschrner has found {op, cit) that tobacco smoke 
inhaled by a rabbit through its nostrils, or blown upwards 
into the nasal cavity from an aperture in the trachea, will 
cause arrest of breathing in a state of expiration from the 
irritating effect of the vapour on the nasal branches of the fifth, 
while it has no such effect when blown into the lungs. 
Ammonia, when inhaled, also arrests the respiratory move- 
ments in the same way; but Knoll {SUzanffs-ber. der Wien. 
Acad,y voL Ixviii, Abt. S, p. 255) has observed tliat, if it be 
blown into the lungs, wliile the nostrils are carefully protected 
from its influence, it causes accelerated and sluillow breathing, 
alternating with slow and deep respirations, and occasional 
stoppages in the position of expiration, obviously from its 
action on the different fibres of the vagi. When injected into 
the blood, it causes, according to Funke (Pfliiger’s Archiv.^ 
V(il. ix, p. 436), various alterations in the respiration, which are 
not easy to analyse, but it certainly seems to excite the respira-, 
tory centre ; but the use of carbonate of ammonia in bronchitis 
has long been familiar to the medical profession. 

The movements of respiration are not only more easily 
counted than in any other way, but their depth, and the. 
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relation of inspiration to expiration, best noted by causing 
them to register tliemseh^cs on a revolving cylinder Various 
of doing Ibis liave be(Ui suggested by different a^itliors. 
^Oiie of the sim])lest consists of a needle pushed into the dia- 
phragm, and connected hy a thread w itli one of Marey's hnans 
(sec I, Fig. .143). Marey’s imeumograph consists of a oylimlcr 


Fig. 113. — IMctliods of Tvogj,s:terIng Pr 



A is Uio levor of ^larey's registering apparatus; B i.s a lioilow rum, with 
open tube bcJow, and covered at tbo top wifcli a piece of thin caoutchouc, on 
wliicli rests a tin plate conuccted with the lover A. When the air is blown 
into B, the caoutchouc is lifted, and the lever rises. W"hen air is drawn out, 
the caoutchouc siiik.s, and the lever tails. The tube of b may be connected 
by india-rubber tubing with ilio respiratory passages in several ways, c is a 
V*fcabe, open at one end and connected at the other with a cannula (;i>), which 
is placed in the trachea of the iiuiuuil and brouglit into communication by its 
upright limb vitli b. luticad of d, an india-rubber catheter may be placed in 
the aiiimaVs nostril, e is a caoutchouc bag, wdiich i.s tied over tlio animar» 
mnzr.le and used instead of the tracheal cannula. E is a large vessel, from 
which tw'O tube.s (a and ii) pro(;ced, a is connected with the lever B, and u 
with the respiratory pas.<;‘agcs of the animal. I is a needle, which is simply 
connef;ted with the lover by a thread : when pushed into the diaphragm, it 
registers the respirations. 

of soft india-rubbei', enclosing a spiral spring, whose extremities 
are connected with two pieces of metal which form the ends 
of the cylinder. A band is passed round the thorax of the 
raimal, and attached to the ends of the cylinder. Tlie interior 
df ttie cylinder , is brought into communication with one of 
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Marey’s levers ; and as each respiratoiy iiiovemont draws tho 
enda of tlio cylinders wider apart, or allows them to approach, 
t he fiir is rarefied or compressed, and a corresponding movement 
is tiaiigpinittcd to the lever. Bert has modified this, and made# 
it more sensitive by making the cylinder itself of metal, and 
its ends of india-rubber. Anotliei* metliod — one more ordinarily 
employed — I kS to introduce one liml) of a T't^d>o into the 
nostril or tracliea of an animal, or to connect it with a tracheal 
cannula. The respired air passes tlirough the oilier end, and 
the third limb is connected with one of Marey’s lovers. 

Is Qtrit-kaiinfj of Jlcspiration dux to IrrUafAnn of the Vcifjii — 
Wlicn the respiratory movements become quickened by the 
inj’ection of a drug into the circulalion, iho first cause to which 
it may be due, menlioned in the preceding table, is irritation of 
the ends of the vagus in the lung. In order to discover 
whether this bo tho cause or not, the vagi must first be dividcHl 
and tlu' diMig inji'cted. If it acts only on the ends of the vagus, 
tlie res])iratit)ii whiiili was (juickened hy injeetifm when the 
^'^^gi were intact, will not he quickened by it wlien these nerves 
are divided. 

Is the Qukkeni due to Excitement of the 'yohmiarif Nervous 
Centres? — This cause of quickening is elimiiiaUxl by narcotis- 
ing tlio animal witli opium or chloral, or hy removing the 
cerebrum. Tor tlie method of doing this, see Sanderson, 
liondhooh for the I^lnisiolot/iccd Lahoratorff, p. 205. 

Is it due to Increased Tetfrperatnrc? — If the temperature of 
the animal lias risen above the normal — tho fact can leadily 
he ascertained hy the tlicrmometer — it may then be reduced 
by the apiilication of cold water or ice, or by a stream of cold 
air direcied on the surface of the skin. Unless the cooling be 
effected very gradually, these applications cause reflex disturb- 
ance of the respiratory movements through the cutaneous 
nerves. 

Is it due to Increased Venosity of the Blood ? — Tlie drug may 
produce this by its action on the blood ; and this is to be deter- 
inined by the means already described. Generally wo let a little 
blood issue from an artery ; and if its colour be of normal bright- 
ness, we conclude that the gases it contains are also normal 
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But external respiration may be arrested or diminished* the 
blood rendered venous, the respiratory movements consequently 
increased, and dyspnoea and asphyxia produced by preventing; 
*the blood from reaching the air, as well as by preventing the 
air from reaching the blood. The blood may be prevented from 
coming into relation with the air: (a) By stoppage of the 
heai’t ; (h) By embolism of the pulmonary artery ; (c) By con- 
traction of the capillaries of the lung. 

(а) B'l/ Stappngc of the Heart . — When respiration is suddenly 
impeded in any of these ways, the breathing becomes panting; 
and when it is suddenly stopped altogether, asphyxia! convul- 
sions occur. When the jugular vein is chosen for the introduc- 
tion of drugs into the circulation, they come very quickly and 
without much previous dilution with blood nto contact with 
the heart and pulmonary vesseLs, and thus affect them more 
strongly than they would do if injected subcutaneously, or into 
one of the veins of the extremities. When a large dose of 
quinine is thus injected, the heiirt may be stopx>ed at once, and 
convulsions ensue. Any alteration of the heart’s action x>ro- 
duced by a drug is easily noted by means of a needle lixed in 
the ventricle. 

(б) Btf /'JinhoUmn of the Palnmuiry Artery . — This cause of 
interrupted respiration may easily lead an inexperienced 
observer to very erroneous conclusions regarding the action of 
a drug. Supposing him to inject an imfiltered solution of some 
extract into the jugular vein, he may tind the rospii'ation 
^almost immediately afterwards become x>auting ; the eyes start 
from their orbits, the limbs become convulsed, the head drawn 
back, and after one or two quivering contractions, life becomes 
extinct. He at once concludes that the substance he has 
injected is one of extreme activity, whereas it may be really 
quite inert; the violent symptoms which followed its injection 
being due to the extract being imperfectly dissolved, and the 
suspended particles producing embola in the pulmonary vessela 

In some experiments which I made on condurango, I was at 
first misled by this circumstance, and believed that the drug 
had a tetanising action, like that of stryohnia, as cpnvulsipns 
on immediately after injecting a solution of the extract 
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into the jugular vein. Tho same mistake has probably been 
made by Gianuzzi,* who attributes a convulsive action to the 
drug. •By injecting the solution into tlie peritoneal cavity,, 
however*! found that it liad no action whatever even when 
used in large quantities, while a solution of strychnia applied 
in the same maimer \vould have acted nearly as strongly as* 
when injected into a vein. 

(c) By CoiUradion of the PuXmonavy Capillaries . — When 
contraction of the pulmonary capillaries is produced by a drug: 
injected into the veins, tlie venous blood is hindered from 
reaching the left side of the heart, and the left ventricle and 
arterial system become empty, and tlie arterial pressure sinka 
while the right ventricle and venous system become swollen 
and turgid. The alteration of the blood-pressure in the 
arterial and venous systems may be measure.d by manoiue- 
ters connected with them ; but while the arterial fall in the 
pressure is easily ol)served, there is considerable difliculty in 
measuring that in the veins, due to the rapid formation of 
coagula in the tube which is pushed down tho jugular vein 
into the vena cava. 

Another method is, to open the thoiax and note the colour 
of the lungs and the comparative fulness of the right and left 
sides of the heart, and of the venous trunks, before and after 
injection of the drug. The animal is first narcotised, and a 
cannula placed in the tracliea. Tho skin and cellular tissue are 
then divided along the middle of the sternum and i efUicted on 
each side. The muscles are then divided along the line of llie* 
costal cartilages, and artificial respiration is begun. Th^ 
abdominal muscles are then sei)arated from their attachment 
to the sternum and costal cartilages ; the latter are cut through, 
except the first, which is left untouched in order to avoid 
wounding the internal mammarj^ arter}% and the sternum is 
bent upwards and retained in its position by a ho(dv. In the 
rabbit, it is generally unnecessary to tie Liny vessels, as the 
bleeding stops quickly of itself; but if any one should bleed 

* Giamizzi and Bufalini, Micerche ese^uite nel Gdbinetlo di Fisiologio^ delict 
'di pp. 71-86; abstracted in the Centralhlatt fiir die Meth 
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inuch, it onglit to Iw iaid hold of and ligatured. Artificial 
respiration hoiug carefully and regularly kept up by means of 
a metronome, tlio colour of the lungs, tlie size of each v^itric.le, 
•■niul the number of cardiac pulsutioii.s is observed, flie dni<^ 
injected, and tlie obsen-ation repeated. Tiie pulsations must 
be counted, liecause slowness of the heart’s action, by affording 
time for (he accumulation of venous blood in tlie riglit ventricile, 
would cause it to liecome distended, althoiigli tbore were no 
obstruction to the jmlmonary circulation. ‘When the drug (o 
he experimoiited on is not a solution but a vapour, it must be 
passed into tlie lungs by the method already described (BrUisk 
Mcdiml Jouriinl, May 20, 1871). 

In this way, I have fouiRl that iiuiscarin causes contraction 
of the pulmomiry vesseLs, and produces dyspmea (see Bri/hh 
Mcdkul Journal, NoA'ember 14, 1874). althongli the Jioart con- 
tinues to beat, and artificial respiration is vigorously kept u[i. 
The lungs become imle, the right side of the heart swells up, 
and the left side and arteries become eniiity, as ropresciited 
diagiammatieally ill big. 1 4o. 1 he vapour of clilorofoini blown 


litt. HI. Tiq. 145. 



Fro. 144.— Diagram repmenting the noMn.il fondition of tl;e (drt-uJa'.ioii. 
Both the reins and arteries arc inoflcrat.ely full • tlie iwo rides of the heart are 
of mncli tlie same size, and the circulation tlirough tlie lungs is free. 

FfO. 145.— Diagram representing the eondilion of the eireulation after the 
administration of muscarine. The reins are distended, the arteries empty i the 
rtgfit side of tho-lieart is. much enlarged, the left side eollapseU, and the 

circulation through the lungs almost entirely arrested. 

the lungs, causes a similar appearance, but it arrests the 
c&irdiac pulsations more or less completely at the same time. 
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TFio action of tlu3 dnig.s on tlie puliuonary capillaries in tlie 
frog nuiy be observed directly by riieaiis of tlie microscope. A 
fn>g is cnrarised, niid a glass catinnla, to wliiob a short piece of 
india-rt^jber tubii^g is attached, is tied into its larynx. An, 
incision is then made into the side of the. frog a little below the 
arm, care being taken not to injure the lung in dividing the 
thoracic wall; and. the lungs being inilatcxl throngii the 
cannula, ojie of tlanu protrudes through the opening. The 
piece of india-rubber at the end of the cannula must then he 
clam]>ed, so as lo ])roveiit tlie air from escaping ami the lung 
from collapsing (Tig. J4G). The whole frog is llien placed on a 

Fio. Idfi. — Fonii of Tube for insertion into tJio Larynx of the Frog, 



It is miule by drawing out a jreco of tubing to the size marked aj, heating tbo 
end and pressing it against a piece of met id, so tbal it assunies the slmpe ft. 
e is a pioi'e of iiulia-rnbber tubing, which must; bo closed, either by a Jigainre, 
as shown in the drawing, or, what is still better, by a clip, so as to prevent tlio 
escape of air from tlic hiiig. 

glass plate, which is fixed with a clip to the stage of the 
microscope. The lung is bronglit under the ol.ijective, and 
supported, if necessary, liy a coi'k ring fixed to the glass plate 
with sealing-wax. Any clianges in the calibre of the pulmo- 
nary vessels arc then readily observed by means of a micrometer 
]>laced in the eye-iiiece. 

Four years ago I attempted to ascertain liy this method 
(Fig. 147) the effect of sndd(3U changes from heat to cold on the 
lungs ; and I liave found that, if a stream of warm moist air be 
first directed on the lung, and immediately afterwards a stream of 
cold moist air, the cajiillaries sometimes contract as much as 
oiie-third of their diameter under the iidluence of the cold. 

T)r. Sharpey informs me that the lung of the toad, unlike 
that of the frog, does not collapse even when no obstruction is 
offered to the escape of air; and therefore, if toads be used, 
the india-rubber: tube and clamp on the cannula are unnecessary: 
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Flu. 147. — Ap)iar»t.ii9 mentioned on preceding page, and 'which I employed in my 
expcriineuttf made in 1871 for asct?rlainiiig[ the effect of lieat and cold on the 
Tcssols of the frog’s lungs, a, a .piece of cork to whiclx tho frog is fastened, 
is laid on n, the stag© of a niujroscopc, and attached by an india-rubber strap, 
0. I) is a small ring of cork covered with a thin circle of glses. E is tho 
inflated frog’s lung, if is a tube by which a current of air can be directed on 
tljc frog’s lung. It is held in position by a piece of wire, a, which can be 
bent to any position. I is n flask containing ice and water, ii, a flask con- 
taining hot water. K is a l,hree-way stopcofdc, by which a current of air inay 
bo sent from the spray-producer, j/and M, through either i or H at willy and 
thus cold or hot air may be applied alternately to the lung. (Reprinted fipai 
, my 2^ejet Back of Bhdrmacologg^ Londou : Macmillan & Co.) 
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* . APPENDIX 

ArtifwM Circulation through Isolated Orgams, — Tn order to 
study Irfie effects of alterations in tlie blood, and the action of 
various poisons upon the walls of the vessels tliemselves, with 
entire exclusion of the nervous system, Ludwig and Mosso have 
kept up artiticial circulation in the kidney and the livej-. In 
leinoving tlieso organs great cai'e is taken not to wound them, 
and the diapliragin is removed along with tlie liver. In 
experimenting on the kidney largo dogs were employed. The 
carotids were first opoue.d, and blood allowed to flow until 
convulsions began. The artery was then closed for some time, 
during which the blood was detibriiiated atid part of it put into 
a tlask, so as to be ready to wash out all the coaguliible blood 
from tlie khlney. The carotiils were now ojxuiod a second time, 
and as miicli blood as possible got from tliem by pressure on 
the abdommi, tkx;.. As >soon as tlie animal became insensible 
the alHlonuMi was opened, tlie renal artery was tlien compressed 
just above its biticatiou, so as to prevent any air getting into it, 
and a glass cannula >vas introduced into tlie main artery; 
anotlier cannula was put into the renal vein. All the small 
vessels which communicate with adjacent parts were ligatured, 
and the kidney was then removed. Before connecting the 
cannula in the renal artery witli the appaiatus for artificial 
circulation, it was carefully filled by means of a fine pipette 
with defibiinated blood, and the utmost care employed to 
prevent any air bubbles from getting into tlie vessel. After the 
coiimuiiiicatioii between the renal artery and the flask lias been 
opened, it sometimes happens that blood does not flow until a 
considerable time has elapsed, owing, apparently, to a tetanic 
contraction of the vessels in the kidney. 

After the blood has begun to flow it does not do so in an 
equable stream, as it would do through glass tubes, but its 
velocity is alternately greater and less, owing to- periodic con- 
tractions of the walls of the renal vessels, independently of any 
nervous influence. If the circulation is arrested for some time 
and then allowed to go on, the rapidity is much greater after 
than before the stoppage, but it gradually falls again to normal 
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lilood containing Tnucli carbonic acid and little oxygen {crUick^ 
umjHblui), ciuises the vessels to contract and the stream to 
become slow, wliile l)h>od containing much oxygen and little 
carbonic aci^I cau.s(3s tlicm to dilate. When diflbrent smts of 
'blood arc allowed to circulate after each other tlirough tlie 
kidney, and eaeli .successive kind contains less COj. tliaii the 
one preceding it, the rapidity of the flow from the vein goes on 
increasing; or, as it might be ex])ressed, eacli kind of blood in 
this series stHmis to dir]iini.sh the amount of contraction of tlie 
vascular walls which tlie greater amount of COo in the preceding 
kind liad occasioned. The order would be this — siilTocatiou — 
blood — venous — arterial — aiuneic, i.e., saturated witli oxygon 
by agitation with air. This dilatation, liowever, was only 
temporary. 

When, nicotine \vas mixed with blood in the proportion of 
1 to 10,000 it seeuUMl, at first, to cause contraction of the vessels, 
for it produced a diminution in the flow of blood, and also in 
tlie size of the kidney ; bub both soon returned to the normal 
One per cent, of nicotine, on the contrary, seenns to cause 
immediate dilatation of these vessels, for it immediately causes 
an increase in the velocity of the current and the size of the 
kidney. The increased velocity is not to be entirely ascribed 
to contraction of tlie vessels, for a solution of nicotine of this 
strength alters the blood, and will diminish the friction in the 
vessels. 

Atropia has a iiowcrful action, and different doses of it produce 
dijfcrent efliuits. In the proportion of 1 in 100,000 it cau.ses 
diminislierl rapidity in the How of blood and in the volume of 
the kidney, but both soon return to their normal. One iii 
10,000 causes diininisbcd, followed by increased rapidity, but 
this soon disappears. One in 5,000 soon kilJ.s the kidney, but 
before doiiig so cau.ses first diininution, and then acceleration of 
the current thruiigli it. Chloral liydrate first caiLses diminislied 
and then greatly increa.sed velocity, but it also lias a very 
peculiar action on the vessels, increasing tlie rliythmical 
tractions in them when they are present, and causing them to 
appear wlien they were previously absent. 

The sliocks of an induction coil, or Faradaic currents, do not 
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the velocity of the circulation, but constant currents do. 
During the time they are passing, both the rapidity of the 
current and the size of the kidney increase, and after the 
irritaitfon ceases they diminish. When the circulating blood, 
contains a small quantity of chloral, this action is altered. At 
first, when the chloral has not altered the current much, it 
becomes slightly diminished during the irritation, and slightly 
increased after its removal. When the chloral has acted 
longer and increased the velocity of the current to live or six 
times its normal, no alteration is noticed during the application 
of the current, buu a still further increase occurs after its 
removal. 

After the kidney has been removed from the body for 24 
liours, and ke]3t in a cool place, its vessels still retain their 
irritability, but small doses of chloral in such a kidney only 
cause contraction, and larger doses of 0*3 to 0*5 per cent, are 
requisite to induce dilatation. Tlie effect is not due to tlie 
action of the chloral on the blood, for it is produced when tlie 
blood is replaced by serum. One of tlie most extraordinary 
things about the action of chloral is that, in the dead kidney, 
instead of increasing the rapidity of the current, or leaving it 
unaltered, chloral greatly diminishes it — exactly the opposite to 
its effect on the living organ. When the blood used in the 
artificial circulation is saturated with carbonic acid, chloral no 
longer produces any effect on the vessels, so its action would 
seem to be abolished by this gas. 

Induction of Ancesthcsici , — ^At p. 257 I have stated that 
chloroform is inadmissible as a narcotic, as its administration 
seemed to cause dogs so much pain, but farther experience has 
shown me that this statement is incorrect. Chloroform can be 
readily administered to all animals by placing them under a 
glass bell-jar, along with a sponge or piece of blotting-paper, 
saturated with the anaesthetic. The advantage of the glass jar 
is that the movements of the animals can be distinctly seen, 
and they can be removed immediately on their becoming 
insensible, thus avoiding the danger to which they would be 
exposed by longer inhalation of air saturated with the vapour. 
The vapour being heavier than air sinks to the bottom of the 

15 . 
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jar, and, when the animal falls unconscious, the air it ‘then 
respires is much more heavily charged with the vapour than 
that which it breathed while still erect. On account of the 
density of chloroform vapour, ansesthesia is more quicldy pro- 
' duced when the l)oll-jar has an opening at the top which can be 
plugged with cotton-wool saturated with chloroform, than when 
the sponge is laid at the bottom of the jar ; as in the former 
case, the vapour falling dow'n is more rapidly diffused through 
the air of the jar than in the latter. Instead of a bell-jar a 
deep milk pan may be used, the rabbit or cat being placed in it 
and the top covered by a towel stretched tightly over it. The 
chloroform is sprinkled on the towel. Ansesthesia is thus 
rapidly induced, but care must be taken not to allow the animal 
to remain too long in the vessel For large dogs an inverted 
packing-case, without the lid, may be used instead of a 
bell-jar. 

After the animals have been rendered insensible and the 
operation has been begun, the anesthesia may be kept up by 
putting a piece of cloth round the animal’s nose and pouring 
chloroform upon it, a drop or two at a time, as often as is mccis- 
sary. In this way less chloroform is required, and there is not 
so much danger of killing the animal by giving it the vapour 
in too concentrated a form. 

Instead of keeping np the ansesthesia by the continued ad- 
ministration of chloroform, it is often more, convenient to open 
a vein and inject opium or chloral 

In operations on the abdominal viscera in dogs, e,.g., in making 
a gastric fistula, death sometimes occurs from shock, although the 
animals are completely under the infiuenoe of chloroform. For 
such operations ether is preferable, as it increases rather than 
diminishes the power of the heart. If given in the same way 
as chloroform, however, much time and a very large quantity of 
ether are required to produce ansesthesia. Professor Schiff has 
found,* however, that it can be readily done by ixmring a 
quantity of ether into a bladder, and holding this tightly around 
the dog’s muzzle, so that it respires ether vapour almost pure. 
As dogs do not like to be tied down.themuzzleshownatfig. 127, 

* Professor Scliiif> verbal commiiuication to the author. 
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p. 254, should be put on, and the operator, sitting on a low 
stool, should put the dog’s fore paws on his knee and hold 
them jvith one hand, while with the other arm passed round the 
dog’s ijody he restrains its movements, and aix assistant holds* 
the bladder with ether over the dog’s nose. 



PHYSIOLOGICAL ACTION OF CONDURANGO. 

(From Journal of Physiology ^ toI. v, pp. 17 — 34.) 

All the expeiiments which I have performed for the purpose 
of ascertaining tlie physiological action of Coiulurango were 
made Avith a watery extract j^repared for me by Mr. Jeffs. 
Dispenser to St. Ijartholomew’s Hospital.* 

Characters of the ExtraU of Coruhirango. 

One ounce of the extract was obtained from one pound of the 
root. It was of a dark brown, almost black colour, slightly 
aromatic odour, and a bitter taste. It was very soluble in 
water, and formed a dark brown opaque solution. 

General Action of the Extract on Frogs, 

Some of the experiments here detailed were made with the 
double purpose of ascertaining the influence of Condurango on 
reflex action as well as its general action, and the animals 
were therefore in these experiments suspended, instead of 
being allowed to move freely on a level surface. 

^ Experiment L — Five grains of the extract of Condurango 
were suspended in six minims of water and ^ths of the mixture 
(4| grains) injected under the skin of the back of a large frog, 
tolerably strong but not so active as most of the others. It 
was then covered by a glass jar. The frog remained quiet when 
left to itself, but moved actively when touched. No effect 
seemed to be produced by the Condurango for an hour after- 
wards. 

Twenty-four hours after the frog was again examined and 
seemed totally unaffected. Four days afterwards it was found 

* The experiments recorded in this paper were^ all made in the autumh of 

■ ■■ 
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^ somewhat languid, and five days after the injection it was 
dead. 

II . — A strong frog was suspended by the fore 
legs aijd two grains of solid extract were introduced under the 
skin of •the abdomen. Immediately afterwards the frog seemed' 
somewhat more restless than before, and drew up its legs more 
quickly when they were touched. Its movements were per- 
fonned in the same way after the injection as before it. When 
placed on a level surface it seemed qiiite unaffected by the 
Condurango, and continued to be so for the next ten daj's 
during which it was observed. 

Eu^eriment III . — One grain of extract mixed with a few 
drops of water was injected under the skin of the back of a 
strong frog suspended in the same way as the other. Imme- 
diately afterwards it became restless, and seemed also uneasy 
wlien touched. Otherwise it remained urudfected, and no effect 
of the Condurango could be obseiwed during the next ten days. 

EjqKrimctit 1 V . — Two grains of the extract mixed with a few 
drops of water were injected under the skin of the back of a 
frog suspended like the others. The result was the same as in 
Experiment III. 

Exjierimcnt V . — ^Five grains of the extract were suspended in 
water and injected under the skin of the back of a strong frog. 
The frog was suspended by tlie head. It seemed somewhat 
restless after the injection, but no other effect could be observed. 
Xext day it seemed in its normal condition, and on the third 
day also. 

Exjyeriment VI . — Tlie same experiment as in V was repeated 
with a like result. 

Experiment F//.— The same as in V and VI. No result was 
ol)8erved at first. Next day the frog seemed weak, and when 
laid on its back could not turn over so readily as the others. 
It was a smaller frog than the others. On the third day it 
seemed well 

These experiments show that the extract of Condurango when 
injected under the skin of frogs produces no effect even when 
such a large dose as 5 grains is administered. 

The restlessness which is noted in those hung up was in all 
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pmbaHlity due to the injectiou of the fluid, and not to ‘the 
action of the drug, as it occurred immediately after the opera- 
tion and before there had been time for much to be absorbed. 

The death of one frog after the injection can hardly be 
’attributed to the Condurango, as the animal was observed to be 
less active than the others previous to the injection, and death 
did not occur till several days afterwards. 

General Action on Mammais. 

The experiments on this point were made exclusively on 
rabbits. 

Escpennunt VIII. — One gramme (15’4 grs.) of the extract 
was dissolved in 20 cub. cent of a solution of one part NaCl in 
200 of water. It was dissolved in per cent. NaCl solution in 
preference to water, in order to avoid the irritation which water 
itself produces when brought in contact with the tissues of the 
body. Ten cubic centimetres of this solution were injected 
into the peritoneal cavity of the body weighing 936 grammes 
(2 lb. 1 oz.). 

No effect w'hatever was observed. 

Thirty-four minutes afterwards the remaining 10 cub. cent, 
were injected. No effect was produced. The solution had not 
been filtered. 

In order to test the effect of the injection of saline solution 
itself, 10 cub. cent, were injected into the peritoneal cavity of a 
jabbit weighing 425 grammes (1 lb. 15 oz.). 

It produced no effect. 

Next day both animals were perfectly well and lively. They 
seemed to have passed a good deal of water during the night, 
but as they were both in the same cage it was impossible to 
say how much had been passed by each. Both animals were 
kept under observ'ation for several days, but no further effect 
of the injection was noticed. The increased urination was 
protebly only due to the water which had been injected. 

Ex/peHmni /X — One gramme (15'4 grs.) of extract was 
mixed with 10 cub. cent, of water, The solnticm was not 
filtered, and contained little particles. A cannula was pla<^ 
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in t&e jugular vein of a rabbit weighing 1,030 grammes (2 lb. 
4 oz,), and 1^ cub. cent, of the solution were injected into it. 
No apparent effect was produced. 

Fii'^n minutes afterwards 1 cub. cent, more was injected; 
three minutes after the second injection the respiration was* 
much quicker ; and five minutes afterwards 1 cub. cent, more 
was injected. 

One minute after the last injection the animal’s hind legs 
.spread out laterally, and it sank down on its fore paws. 

In halt a minute more it turned on its side, its head became 
drawn backwards on its shoulders so as to form almost a right 
angle with the body, and it gave one or two convulsive kicks. 
Its eyes then became very prominent and the cornea insensible 
to the touch. 

Pod-viortem Examination. — The body was immediately 
opened. When the abdominal muscles were divided the legs 
gave a twitch. The lieart was still found pulsating, though 
only feebly. The right cavities were full, but the left cavities 
were empty 

In this experiment the injection of about one-third of a 
gramme (5 grs.) of the extract into the jugular vein was fol- 
lowed by death, whereas in Experiment VIII the injection of 
three times this dose into the peritoneal cavity of a smaller 
rabbit produced no effect. A-s drugs are generally absorbed 
with great rapidity from the peritoneal cavity the difference 
between the results of the two experiments could hardly be duo 
to non-absorption of the Condurango in Experiment VIII, and 
it was therefore in all probability due to something not con- 
nected with the action of the drug. 

The hurried breathing, convulsions, and death which followed 
the injection of the unfiltered solution of the extract into the 
jugular vein, as well as the distension of the cavities on the 
right side of the heart and the emptiness of those on its left, 
seemed to indicate that the death of the rabbit in Experi- 
ment IN was due to the production of emboli in the pulmonary 
arteiy by the undissolved particles of extract. 

In order to test this conclusion the following experiment was 

made 
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Experirmv-l X. — One gramme (15'4 grs,) of the extractrwtui 
diasolved in 20 cub. cent, of warm water and filtered Vfheti 
first thrown on the filter it passed rapidly through, hut in the 
course of a minute or two it began to pass through veary slowly, 
t As soon as it began to do this the fluid was emptied out of the ! 
first filter and thrown upon a fresh one. In this way the 
filtrate was obtained quickly, but might contain very fine 
particles which had passed Jthrough the filter and might have 
been removed by it afterwards. 

A cannula was placed in the jugular vein of a rabbit weigh- 
ing 680 grammes (IJ lb.), and 10 cub. cent, of the filtrate were 
slowly injected into it. During the injection the respiration 
became hurried, and occasionally a convulsive twitch of the 
limbs occurred. A few minutes afterwards 5 cub. cent, more 
were injected. The animal was then released. It tumbled 
much and seemed weak, but could move about perfectly well. 
Its respiration was laboured. Twenty hours afterwards it 
seemed weak and languid and its respiration somewhat hurried. 

In this experiment nearly J of a gramme were injected into 
the jugular vein of a rabbit weighing 680 grammes with the 
eftect of producing hurried respiration and weakness. In 
Experiment IX the injection of J of a gramme was followed by 
the death of a rabbit weighing 1,030 grammes. 

The difference between these experiments consisted in the 
solution of Condurango being filtered in Experiment X and not 
in Experiment IX, and we must therefore conclude that the 
fatal result in the latter case was due to the presence of large 
jfeirticles in the fluid. 

The huixied breathing in Exireriment X might be due to the 
small particles which had passed through the filter but were 
yet large enough to become impacted in the pulmonary capil- 
laries. 

Residls of Ex^nments on the General Action of the Extract of 

ConduraTtgo. 

Condurango has no poisonous action. 

The extract pixidiiced no apparent effect on frogs when given 
in doses of I of a gramme (5 grs.), or on a rabbit in a dose of 1 
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graviaie (15 J grs.), an amount which is oq^^nivalent to 72 grammes 
(2^ dz.) of the extract, or 2^ lb. of the root for a man weighing 
150 'ib. The convulsions which occurred in Experiment IX were 
in all probability due to embolism of the pulmonary' artery and 
not to ihe action of the Condurango. The statement of Giamizzi' 
and Bufalini* that Condurango has a convulsant action like 
strychnia probably depends on a mistaken misinterpretotion of 
the results of experiments like that of Experiment IX, although 
I cannot be certain on this point, as I have never been able to 
see’ their original paper. 

It has no paralysing action, and apparently no action of any 
kind on voluntary muscles or motor nerves, as the movements 
of the animals were unaffected by its administration. 


affect of Oowluran^o on Eejkx Action. 

As Condurango produces no ffjp^mren^ellect, and as Dr. .Joseph 
Xavier Eguiguscn states that “ it cannot be administered many 
days in succession because in .some pensons nervous phenomena 
of importance supervene,” it seemed possible that its action 
might resemble that of quinine. 

The following experiments were therefore undertaken in order 
to ascertain whether it had, like quinine, the power of diminish- 
ing rellex action. 

They were performed in the usual way, by suspending a frog 
by the fore-arms or head and noting by the aid of a metronome 
the time which elapsed before it drew its foot out of a very 
dilute mixture of sulphuric acid and water. Extract of Condu- 
rango was then injected under the skin, the foot again dipped 
in dilute acid, and the time till it was pulled out compared with 
that which had been noted before the injection. 

To show that the mere suspension of the frog and the succes- 
sive irritations applied to the feet had no effect on the time 
required for reflex action, a frog iiito which nothing was injected 
was suspended at the same time as the others. 

• Xieerehe ete^iie nil Qalinetto di Fitiologia della trnirersila di Siena, 
pp. 71— 86, abstracted iu the Centralblaft de Med, Wietenechajten, 1873, 
p.824. 
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ExpeHment Four frogs were suspended by thoir 
and their feet irritated by a very dilute sulphuric acid. ^ Af^r 
each application of the acid the foot was carefully washed; f 
In the following account stands for right foo^, 

Voot, and the numbers under each indicate the lindllOT of 
seconds before the foot was drawn out of the dilute Sulphuric 
acid. 


Tiino. I 


Frog I. Frog II. 


E, L. E. L. 


3»*. 20' 
„ 35' 
» 38' 
« 45' 




»> 

ft 


0 ' 

3' 

5' 

10 ' 



12" 

5" 

15" 

12" 

10" 

12" 

12" 

12" 

10" 

13" 

6" 

13" 

13" 

12" 

13" 

15" 

25" 

11" 

12" 


quiet 


uneasy 




12 ' 


26" 28" 
32" 40" 
46" 34" 


12" 30" 
iO" 12" 
8 " 8 " 


Frog III. 


E. L. 


7" 6" 

12" 16" 
13" 20" 
13" 17" 
20 " 20 " 


quiet 


uneasy 


18" 46" 
18" 25" 
11 " 22 " 


Frog IV. 


E. L. 


5" 5" 

6 " 6 " 
4" 8" 

6 " 10 " 
8 " 10 " 


uneasy 

quiet 


uneasy 


4" 8" 

6 " 8 " 
9" 7" 


Eemarka. 


Frog I was tested first, 
but on dipping its 
right foot into the 
acid, it became ap. 
parent that it was 
too strong. It was 
therefore diluted 
and again applied. 


Two grains of extract 
of Condnrango were 
suspended in a few 
drops of ^ per cent. 
NaCl solution, and 
inject<<Hi under the 
skin of the back of 
Frog IV- 

On touching the feet 
of Frogs ri, III, and 
IV, they drew them 
away much more 
readily than Frog I. 

Eellex action again 
tested by acid. 


Frog I was not so lively as the others, and it will be seen 
from the next experiments that the diminution of reflex action 
which occurred in it during this experiment is not a general 
rule but due to an individud peculiarity. 

Expenment XU . — Two frogs were suspended by the head aiud 
reflex action tested by dilute sulphuric acid (one part acid to 
250 of water). 
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the experiment both frogs stru^led a good deal, and 
whe^ a severe struggle occurred just before the acid was 
at»^i(fed to the foot reflex action seemed to be somewhat di- 


Time. 



Remarks. 


B. 

L. 

R. L. 


1*. 33' 

10" 49" 

26" 42" 

Acid of 1 in 800 was here used. 

Frog I struggleti much after acid had 
been applied to the right foot. 

2.K 67' 

8" 14" 
18" 14" 
14" 14" 

10" 11" 
11" 11" 
4" 7" 

Acid of 1 in 250 here used. 

Five grains of extract of Condurango 
susp<;ndod in water was injected 
under the skin of the back of 

abt. 3‘. 

9" 11" 

64" 26" 

Frog II. 

S*. 53' 

10" 

8" 

17" 30" 


Twenty hours 1 

4" 10" 

36" 02" 

«. 

afterwards / 

20" 16" 

41" 36" 

Frog II very restless. 


12" ? 

15" 20" 


During the night they were taken down and had resteih 
Ui^periment XIII . — ^Two frc^s suspended, and reflex action 
tested with sulphuric acid (1 to 250 water). 


Time. 


2 \ 58 ' 


abt. 6' 
5 \ 68 ' 


Twenty hours! 
afterwards / 


Frog I. 

Frog II. 

R. L. 

R. L. 

1" 3" 

4" 6" 

2" 3" 

2" 5" 

2" 1" 

6" 6" 


Frog 

uneasy 

2" 3" 

8" 10" 

1" 1" 

6" 6" 

4" 2" 

6" 7" 

2" 1" 

11" 12" 


Bemarks. 


Five grains of tlie extract of Condu- 
rango suspended in a few drops of 
water were injected under the skin 
of the back of Frog II, 

Frog I remained untouched. 

They were taken down at night and 
not left suspended. 
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JKepmwcwf X/r,— TWo frogs were suspended by the fiead, 
Mid reflex action tested by applying dilute sulphuric ^id 
(1 part acid in 250 of water) to the feet. 


Time. 

! Frogl. 

Frog 11. 

Remarks. ^ 


E. L. 

R. L. 


2'‘. 26' 

11" 8" 

8" 6" 


» 32' 

9" 8" 

11" 7" 


52' 

» 59' 

10" 6" 

1 

1 

6" 4" 

Five grains exfcrac't- of Condurango, 
suspended in a few drops of water, 
were injected under tlie skin of the 
back of Frog 11. 

Frog I was un touched. 

Frog II became uneasy and restless 

8*. 10' 

»bt. 6*". 

Twenty houre I 
afterwards J 

12" 10" 

9" 8" 

8" 10" 
11" 17" 
12" 18" 

immediately after the injection, 
Fi*og I had escaped and could not be 
found. 


For greater convenience in comparing the results of these ex- 
periments I subjoin the mean number of seconds required for 
reflex action in each of the frogs during the time they were 
suspended before Conduraugo was injected into some of them, 
and the number of seconds required during the time they hung 
after the injection had been made. 


JSni^criment XT. 



Frog I. 

FrogIL 1 




Uninjured. 

had 2i grs. i 
extract. 

had 2 grs. 
extract* 

had 2 gn 
extract. 

In the time before injection 
After 

E. L. 
12} 14 

34} 34 

R. L. 
10| Ilf 

10 m 

R, L. 
13 15| 

IH 81 

Ph AO 

Difference 

21}} 20 
more morej 

■1 

less more l 

2} 15} 
more leas 

A ,* 

more 1 m 
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Experiment XIL 


A. 

Frog I. 

Frog II* 

1 

In the time before injection 
After 

Difference 

Experimc} 

Uninjured. 

E, L. 
lU 14 
lof m 

H n 

less loss 

It XIII. 

5 grs. ‘ 

extract. 

R. L. 

8^ 9k 

32J 39 

24-^ 29^ 
more more 


Frog I. 

Frog. 11. 

\ 

In the time before injection 
After 

Difference 

Uninjured. 

B. L. 

n 2k 

2i 2i 

more more 

Got 5 grs. of 
the extract. 

R. L. 

' f>if 

7i St 

{ more more 

Experiment XIV 


Frog I. 

Frog 11. 

In the time before injection 

Uninjuivd, 

B. L. 

10 8 

Got 5 gra. 
of extract. 

R. L. 

8i 

JO lOi 

'u 

more more 


Difference between the number of seconds required for reflex 
Action : during the time the frogs were suspended before the 
injection of Condurango, and in the time after the injection. 
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Uninjured Frogs, 

R. L. 

Frog I, Expt. XI •• •• 21-j:^inore 20 more 

111 tho time after injection * 
Frog I, Expt. XII , • , , loss 2f less 

„ „ XIII . . , • more more 


Frogs which received Condurango, 


R. 

I* less 

L. 

5 rV 5«ore 

Frog 

II 

Expt. XI 

2 grs. solid extract 

2} more 

15 1 more 


III 

it 

tt 

2 grs. in water 

-fV more 

TT 

it 

IV 

it 


2 grs. „ 

24|\ more 

2f)J more 

>1 

11 

ii 

XII 

5 grs. „ 

3^5 more 

more 

>1 

II 

ft 

XIII 

5 gra. „ 

IJ more 

5-1% more 

>» 

II 

it 

XIV 

5 g™. „ 


In only one of these experiments (Experiment XII) does 
any marked diminution of reflex excitability occur after the 
injection of Condurango. Nearly as great a diminution is to be 
observed in Experiment XI, Frog I, where nothing had been 
injected, and it is therefore probable that the exceptional 
diminution in Experiment XII as well as in Experiment XI, 
Frog I, is to bo ascribed to an individual peculiarity of the frog 
and not to the action of the Condurango. 

In most of the other experiments we find a slight diminution 
of reflex excitability, but it is very slight and might be due to 
the exhaustion produced by the stniggles of the animal after tlie 
injection of the drug. 

Conclusions regarding the Effect of Condurango on Reflex Action. 

Unlike quinine Condurango has very little effect on reflex 
action. A slight diminution of reflex excitability was observed 
after the injection of the extract into frogs in doses of 2 or 5 
grains, but the number of experiments is insufficient to show 
whether or not this was due to the exhaustion produced by the 
struggles of the frog. 

Effect of Condurango on Circulation and ResfpiratiQn. 

XT. — A cannula was placed in the trachea of a 
rabbit and connected by india-rubber tubing with a T*tobe, to 
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one limb of which was attached a stopcock, which allowed of 
more or less free communication with the atmosphere and the 
other limb of which was in connection with one of Marey's 
cardiographic levers which registered the respirations on a* 
revolving cylinder. By increasing or diminishing the resistance 
which the stopcock opposed to the entrance of air into the 
tracheal cannula the amplitude of the excursions of the lever 
could be altered at will. 

The blood-pressure was registered by a kymographion con- 
nected with a cannula in the left carotid of the rabbit. The 
number of cardiac pulsations was estimated from the undula- 
tions produced by them in the blood-pressure tracings. 


Time. 

Blood- 

prcsseiure. 

Pulse. 

Bespi- 

ratioiis. 

Remarks. 


in inillimetres 
of inorcnry. 

in 

in 7i" 


abt. 4\ 15' 

120 

21 

ei 

Each 6th respiration became larger 
than tlie others when the injec- 
tion wa^ made. 

6 cub. cent, of a suspension of 
4 gnunmes extract, in water was 
injected into the peritoneal 
cavity. 


120 

18 

6i , 

The respirations decaine deeper and 
the undulation in the traoing of 
the blood-pressure coiTcsponding 
to every 6tli respiration becomes 
very distinct, wdiile previously it 
was very slight. 

Tins seems duo to the pain of the 
injection and the excitement of 
the animal after it. 

abt. 4». 23' 

120 

17 

6 

Injected about 21 cub. cent. more. 
The undulations in the pressure 
curve again bccium* more distinct 
and the rosjuiations much more 
forced. 

4.K 32' 

114 

20 

6i 


5".— 

108 

? 

7 

Attempted to inject more solution 
into tiie peritoneum, but the tube 
seemed stopped up and the solu- 
tion would not enter. A clot 
now formed in the cannula in the 
carotid, so it was cleaned out. In 
order to prevent the blood from 
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Blood- 

Pulse. 

Respi* 

Remarks. ■ 

pressure. 

rations. 

.if- 

-- ■ ■ J - ' 

r 

in millimetres 
of mercury. 

in 7i" 

in 7i" j 


. 1 



passing too far into it after re. 
adjustment) the bicarbonate solii- 
tion of soda was passed into it at 

1 

1 

1 




i 

a pressure nearly equal to that 
at which the blood had formerly 





stood. 

When the artery was again con. 





nected with the manometer it 
was found that the blood-pres- 
sure had fallen^ and therefore 

21' 




some of the bicarbonate of soda 
in all probability passed into the 
artery. 

86 





70 

16 

8 



66 




5". 21' 45" 




Injected 4 cub. cent, of safnrated 





solution of extract of Condurango 
in J per cent, solution which had 





been illtered while hot iuto the 
jugular vein. 


60 


8i 


B”. 22' 15" 

60 

12J 

8 

Cardiac pulsatlou larger. 

22' 30" 

56 

13 

8 

6^23' 

1 64 


8 


6”. 24' 30" 

j 64 

14 



6^30' 

1 48 

16i 

9 

i 

1 ■ 


The animal was then killed. 

Experiment XV 1 . — A cannula was placed in the trachea of a 
*rabbit and connected as in the previous experiment with one of 
Marey’s levers by a T -tube and a stopcock. 

The movements of the registering lever were increased or 
diminished according to the greater or less resistance which the 
stopcock opposed to the entrance of air into the T-tube. 

A second cannula was placed in the left carotid and connected 
with a kymographion which registered the blood-pressure. The 
number of cardiac pulsations was ascertained by counting^the 
undulatioDS which they produced in the blood-pressure. 

; The Condurango was injected through a cannula in the 
ju^larVeiii. ' 
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' ' 

■ 

1 Time. 

) 

Blood- 

Pulse. 

Erspi- 

Beinarlcs. 


prcs.'Ui'c. 

ratiuus 

1 ■ 


in inilli- 






metres of 
mercury. 

iu 71". 

35 

in ry' 


gracing I. 


102 

71 

Iliglit vagus irritated hr 







an interrupted eiir- 

Afterirrita- 1 
tioii J 

7r 

46 

7? 

15? 

rent. 

Kesp ration trembling 





MJid imperfect. Irri- 




i 

[ 


tation stopped after 
continuing lor 71*. 
The j)ulse imniodi- 
ateiy became quick 






and the blood- pros- 






sure rose. 


15' 

322 


111? 



22^^ 

1(>7 


12 ? 




loo 

30 

141 



374' 

US 

36 

111 


Tracing 11. 






Sonic 1 






ininritrs [ 
fit’icr [ 


104 


01 

5 cub. cent, of a cold 





SMtnratcd solution of 

Tracing I J 





Condiirango weve fil- 
tered and injeetediuto 

Al'lcr injcc- ) 
tion J 

lOi' 

1 

06 

00 

34 

33 

ov 

bl 

tlie right jugular vein. 

Traciitg HI. 


87 




.after 






beginning 
of tnicing 






35' 

83 

33 

10 



22 

74 


11) 



30' 1 

77 

30 

10 



37.i' 

75 


01 



45' 

75 

30 

Ol- 



52.r 

78 

1 

io 



()0' 

75 


10 



V\ 71' 

75 


01 



15' 

75 


9 

1 Right v.ngu.s irritated. 
— 'Tlic nerve was )iot 


22i' 

63 




30' 

73 

11 

6 

divided. 


37^ 

83 

12^ 

7? 

• Trritatum continuing. 

1 


45' 

88 

13 

12? 


52 

03 

13 

1.5 

1 


2^. 

05 

13 

14 

J Irrihition stopped. 


n' 

! 122 

30 

131 


15' 

124 

28 

11 



22i' 

113 


11 
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Time. 

Blood- 

preaiuro. 

Pulse. 

Kespi- 

rations. 

Bern arks. 

«; 


in milU- 
inetres of 

in 71" 

in 71" 




mcrcurv. 




Tracinfj III 

30' 

106 

1 30 

111 


{contmuti). 

37^' 

101 


lOi- 


45' 

90 


11 



52i' 

98 


Hi 


Traeing I V. 


03 




W ■ 

94 





15' 

102 

12 


"1 Riwlit Tagus irritated. 


22i' 

102 

101 


1 Irritation continuing. 

Tracing V. 

30' 

102 

101 


I Kespi ration very weak. 
J Irritation stopped. 

nr. 

99 



Botli vagi divided. 

Tlie pressure curve 

/V. 






shows largo undula- 
tions which do not 






correspond with the 





j 

respiratory or pulse 


15' 

103 


6 

wave, but extend over 
a period nearly cquiil 
to that occupied by 
21 respirations. 


22^' 

102 


4 



304-^ 

101 


4 


1 

37i' 

lUO 

34? 

5 

T Peripheral extremity 


45' 

95 


41 ’ 

1 of the right vagus 


52.i' 

94 1 

11 

41 1 

j irritated. 


!»», 

98 1 


5 1 

J Irritation stopped. 


7V 

04 ' 


41 


The animal was now killed. 

axperiment XVII . — A strong rabbit weighing 6 lb. was ex- 
perimented on. 'J'ho respirations, pulse, and blood-pressure 
were recorded as in the j)revious experiments. 
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Timo, 

Blood* 

pressure. 

Pulse. ! 

Kespi- 

i^ations. 

Kemarks. 

— — — “ 

♦ 


in milli* 
metres of 

in 7i" 

in Ik" 

> 



mercury. 




Tracing I. 

nv 

131 

30 



15' 

161 

8 


Tracwg 11. 

23i' 

w 

181 

30 

8i 

Both vagi cut. 

128 

34 

G 


15' 

129 

34 

5 



30' 

128 

33 

5 



w 

128 

33 

5 



45' 

126 


5^ 



52' 

127 

341 

5-^ 


Tracing HI. 


129 


6.i 


U' 

128 





15^ 

127 

33 




15J' 




VftjTus irrit-ated and 






heart stopped. 

Blood pressure fell 
during ilie lirst stop- 
pnge 38 mm. of 






a second. 


18?/ 

46 





22i' 

160 



TJ:e electrodes were then 
less closely applied to 
the nerve, and the 
pressure rose. 


30' 

142 

341 

6 






After the irritation 






ceased tlirco respira- 
tions succeeding it; 






were much smullei 
than the otliers. 


33' 

1 



Yngus again irritated. 



1 



The hlood-prossurc 
sank 4S inin. in oi’ 

a second. 


37i' 

47 

2? 

7 

1 


30V 

36 

0 


> Irritation stopped. 


43 i' 


0 

7i 


45' 

92 





47' 

186 



Kespiraliou very smalh 


62V 

162 


6 



160 

82i 

6i 



n' 

126 




16' 

123 

36 

6 


ly. 

n' 

123 





15' 

122 

85 

6i 



22V 

124 


H 



30' 

120 

27 

5^ 


Tracit^ y. 

7i' 

120 

28 

6 



2 A 2 
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Time. 

lilood- 

prcfiBure. 

imiu 


Bcinartg. 



in milli- 
jiiol res of 
mcrciivv. 

s 

in 7i" 

in 7 r' 



IV 



l>{»an to inject a eobi- 

((toniinHcH). 


122 

31 

7 

t on , of Co n ti 11 mn i»i) 


127 


G 

(Hitercd into the juir- 


aj' 

37 i-' 

45' 

125 

.SI 

fii 

iilar veil*. Injected 


123 

32 

51 

10 c.c- confiiining 25 


123 


0 

grammes of extract. 


52i' 

123 

32.!^ 

e 



55' 




Injection firiislicd. 



123 

33 i 





122 


n 



15' 

119 

32 




IGp 




Left vngiis irril-.ited. 






iUood-|»rcssnre ft-ll 

1 38 mm. in a'Vths of 


21' 

V\ 22^' 

G1 

19 


‘6 

^ ii second. 

! 

* ' ■ 

27' 

lor, 

81 

J Irritation slopped. 


3U' 






37^' 

118 


r>^ 



At Ibis time pecmliar ciirv'os began to appear in tlie blood- 
pressnre tracing. I could not nnderstand in the very least 
what tlieir cause waa at the tiiim, but when tlie expevinient was 
finished I found that a clot of blood had formed in the tracheal 
cannula, wliieh would obstruct the breathing, and was in all 
probability the occasion of these curves. As this would com- 
plicate to a great extent the cflects observerl I have not noted 
■^this part of tlie experiment. 


Itcsidts ofExperimmU XV, XVI, and X VII 


. 

■ 

Elo"»d- 
]>!•<'« sure. 

Pulse. 

Ivcppira' 
lion . 

Kcniarks. 

■ 

Expt. XV. 

uTLji'tered 

sligbtlj 

slower 

slightly 

slower 

Injection of 1 gnrnmeof ex* 
tract into tlie petitoncum. 


somewhat; 

[I'SS 

1 quickened 
to normal i 

1 quickened 
to normal 

i gramme more. 


Ics-S 

slo V cr 

no effect 

Injection into the jugular. 

Expt. XVI. 

IrSH 

uta’lkred 

1 . 

no effect 

quicker 

do. do. 

Expt, XVII. i 

■■■■■■■■ 1 

quicker 

quicker 

i gramme into jugularj— 
vagi cut. 
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These experiments show that Condurango lias no caclioii on 
the pressure of/ the hlbod when it is injected into tlie pcri- 
tonc\i|a in large doses. The diminished blood-pressure noticed 
in soirf© Jiistances might be due to the anirual’s strength beinj^ 
diminished by its position on the board and the effects of the 
operations. Its effect on the pulse and respiration is not cop- 
stant, the injection being sometimes followed by quickening 
and sometimes by slowing, and moreover the results which 
followed its injection into the jugular might in some degree be 
due to the presence of fine particles in it having a mechanical 
effect. 

The whole subject of the pulmonary circulation, the ac.tioii of 
drugs upon it and the effect which changes in it juodtiees npou 
other parts of the body, is at present very imperfectly known, 
and it is tlierefore extremely difficult or impossible to say what 
the effect of such fine 2Jarticle8 as wei’e contained in the solu* 
tiou of extract might bo wdien they once enter the pulmonary 
vessels. 

For the i)urpose of ascertaining whether Condurango had 
any effect in contracting or dilating the arterioles and capil- 
laries, the vagus was irritated so as to stop the heart, fland the 
rapidity with which tlie blood-pressure fell during the stopf>age 
of the heart before the injection was compared with that which 
was found after it. 


Experiment XVII. Tracing 11. 


Blood-pressure fell 38 mm. in of a second 

j» if if ifjr if ff 

„ 2% „ /iths in one pulac 


wave } 


before injection 
of i gramme. 


»> 

if 


if 

if 


38 

18 


II 


•j^llis of a Simeon d 
■ 5 ®|ths in one pulse wave 



These numbers show that wdth the instrument employed no 
definite conclusion can be drawn regarding the state of contrac- 
tion of the arterioles, but indicate that no extensive alteiution 
was produced in them by the Condurango. 

It may seem strange that I have not made any experiments 
on the effect of Condurango on tissue change as indicated by 
the amount of urea and salts in the urine more especially, as it 
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Iks been recommended especially in oases where a drug possesls* • 
ing an influence over tissue change would be likely to be 
serviceable. The experiments of Boeck have, however, .shown 
'that those drugs, such as iodine, morphine, and quinin$, which 
have some effect upon tissue change, produce but very slight 
alterations compared with those which result from variations ^n 
food, and Toldt arid Nowak have found that the amountiof 
nitrogen varies even in the flesh of the same animal, so thap it 
would be almost necessary to analyse the flesh oaten every day 
as well as rigorously to fix its amount, and this would be ififore 
than anyone could well undertake who could not devote ihis 
whole time to the work. , !; 

Geneml Sim mary. , ^ | 

Watery extract of Condurango has no action on frogs even 
when injected into the dorsal lymph-sac in doses of 5 grains. 
On rabbits it has no poi.sonous action when injected into the 
peritoneal cavity. When a solution containing fine particles in 
suspension is injected into the jugular vein the animal dies with 
symptoms of opistiiotonos. When the coarser particles are 
remove^! this docs not occur although the breathing is quickened. 
It is not improl)alde that the quickening of the breathing is 
due to the lodgments of fine particles in the pulmonary capil- 
laries, and that the o])isthotonos which I noticed in one experi- 
ment (Exp. IX) and wdiich has been supposed by Gianuzzi and 
Bufalini to be due fi) tlie direct action of Gondurango on the 
nerve centres was really due to asphyxia caused by pulmonary 
embolism. 

Unlike quiniiro Condumiigo has very little effect on reflex 
action.* 

Condurango when injected into the peritoneum even in large 
doses has no action on the blood-pressure. 

It does not exert any definite action on the arterioles nor 
pdoes it paralyse the periplieral terminations of the vagus. 

* Silicon the preceding cxperiniGntB ’were made Mr. P.ardington and t hare 
fonpd that diniinut ioii in reflex excitability which Chaperon described a» 
caused by the injection of q-uinine into the lymph'sae of the frog prOhably 
aepends on the local irntation produced by the acid in which the quiriinO i» 
dissdlTed. . - 



\0N THE EMPLOYMENT OF NITETPE OP 
AMYL IN THE COLLAPSE OF CHOLERA 
[WITH EXPERIMENTS UPON THE PUL- 
MONARY CIRCULATION]. 

fv; (Reprinted from the BritMh Medical Journal, January 13th, 1872; with 
r references.) 

Ik two papers wlucli have recently appeared in this Journal,* 
lad in the Fra(iitioncr,‘\ T)r. Talfoiird Jones very ably advocates 
the use of nitrite of amyl as a remedy in the collapsed stage of 
cholera. His proposal is, however, by no means a new one ; for 
it was made by Dr. Chapman in 1860, as he mentions in a letter 
to this Journal, f and also by Dr. Gamgee about the same time. 
At the time tliat I mentioned the suggestion of the latter in a 
paper on the .Vetion of Nitrite of Amyl in Angina Pectoris,^' 
in the Lancet for July, 1867, I was unaware that lliis medicine 
liad been already tried unsnccossfully by Drs. Hayden and 
Cruise of Dublin. Shortly after tlie ])uhlication of my paper, I 
obtained, tlirough the kindness of tho.se gentlemen, a copy of 
tlieir Ile]>ort of tlie (diolera l^pidemie of ISGG, as treated in the 
Mater ]\[isei;ieordi{p Ho.spital, Dublin ; and from this§ I now 
extract tlie following notices of the action of nitrite of amyl in 
that disease. 

“When inhaled for a few minutes, he (Dr. Itichardson) showed 
that it is capable of so exciting the cireulation, that the face 
becomes flusliod, accompanied by a thrilling sensation. It 
occurred to us tliat, in virtue of this renuirkalde }>roperty, the 
nitrite of annd might be useful in re-e.stablishiug the circulation 
in the collapse of choltn\a. In one case, that of a man forty- two 
years of age, admitted in incipient collapse, the pulse rose fi^m 

• JJntifth Medical Journal, Septcnibcr 30th, 1871 , p. 378. 
t October 1871, p. 213. 

X Briiish Medical Journal, October 7th, 1871, p. 426. 

§ lSej?ort of ike Cholera JSpidemic, p. 50. 
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102 to 114, and the temperature in the axilla rose from 95^” td 
96f° F., after inhalation of the nitrite of amyl for three minute^ 
The inhalation appeared to aggravate his thirst. In anothei| 
case, that of a woman aged tliirty-four, also in collapSe, th# 
^lulse became perceptible after inhalation for a few minutes f 
and the patient seemed otlierwise improved. Thirst seeme|[ 
aggravated by the inhalation in this case also. A boy 
four, in collapse, inhaled the amyl for a few minutes, after wip® 
there was a slight appearance of colour in the face. The'll^ 
strenuously resisted its further administration, owing to 
obstruction to free respiration Avhich it occasioned. In sev^Siil 
other cases the amyl was tried; but although, when inhaled & 
a few minutes, it usually heightened in some degree the cblote 
of the face and surface-temperature, the difficulty of induciii^ 
patients to continue tlic experiment for a sufficient length of 
time, owing to its intc'rfereuce with re.spiratiou and the increased 
thirst whicli it occasioned, caused it to be aliandoned.” 

As the re.sults of tlieir trial of oxygen are very interesting, I 
subjoin them also. 

“ Inhalation of oxj'gen by means of Dr. liicbardsou’s apparatus 
was also made trial of. In one ca.se, that of a W'omaii in collapse, 
the pulse become perceptible for a few minutes. A woman aged 
forty-four, in collapse, inhaled oxygen for eighteen minute.s. 
The pulse, previou.s]y all but imperceptible, increased in strength ; 
and tlie temperattire of the surface was sliglitly elevated. In a 
third case, that of a girl aged twenty-four, oxygen was adminis- 
^tered on three several occasions. Tlie temperature rose slightly 
after the first administration, and the patient requested that she 
might have it again, as it gave her relief. The oxygen, like the 
aTnyl, though of temporary advantage, was found to produce no 
permanent benefit, and was therefore abandoned.” 

Both these remedies seem to offer fair promise of succes.s, and 
their use is certainly indicated by the symptoms ; that of nitWfe 
of amyl by the contracted .state of the vessels which is almost 
certainly present in the collapse of cholera ; and that of oxygen 
by the cyanotic appearances of the patient, and by the diminished 
cspmbustion in the body, which is indicated by the small dmbniit 
of c^pniq acid given off from the lungs during this stato; It 
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therefore, rather disliearteiiiug to find from this Report tliat 
|hey produced no permanent benefit; and that the use of tho 
■nitrite of arnyl, from which one would Ijiive been inclined to 
[expect «till more advantage than from tliat of oxygen, liad to b»j 
Abandoned, because it increased the distress of the patient by 
^pediiig still more the already dillicuit respiration, and render- 
lig more intense the tornicnting thirst. It is, however, better 
»47 ^ow that they liavc hoen tried and found nnsuccessful, than 
I® cherish a false lio]>e in their eflieacy, only to be nndeceived 
^ 4 ^ disappoint eil when we come to try them; and a careful 
(^hsideration of tlie cause of their failure may possibly Iielp 
j^yards a more successful plan of treatment. In order to under- 
Ipihd wliy the oxygen and amyl did not fulfil the expectations 
which had been formed regarding them, it will be necessary to 
take a glance at the conditions which are found in the colIa})se 
of cholera, their probable (*.aus(*s, and the mode of action of tlie 
remedies emidoyed. 

The most striking sym)>toins in the collapse of chohira are 
generally the excessive purging; tlie j^eculiar nature of tho 
stools, v’hich arc liquid and colourless, resembling rice-water in 
appearance; and the large amount of fiuid which is evacuated 
from the bowels. The extreme thirst of the patient, and his 
urgent calls for wafer ; the slid veiled and pinched look of the 
surface, and its bluish colour and coldness; the cramps in the 
niuscles ; the husky voice; and occasionally the ditiicult. respira- 
tion, also attract immediate attention. A closer examination 
shows that tlie pulse is small, or even inipercci>tihlo ; and that 
the proportion of carbonic acid excreted by the lungs is not 
niore than a third of that given off in health.* 

In attempting to trace each of these symptoms back to its 
origin, we do not deal with certainties, but only with probabilities 
more or less strong. We cannot say with any approach to cer- 
tainty what the cholera-poison is, by which all these symptoms 
are occasioned ; but we may assign a proximate cause to each 
one of them — to some with a probability almost amounting to 
certainty; to others, only with hesitancy and doubt. 

The rice-water stools, which form so prominent and cliarac- 
* Dftvy, quoted by Eayer, Oazeite Madicale, 1S32, p. 27S, . 
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teristic a symptom, have naturally attracted much attention; 
a,nd numerous analyses of them have been made by KUhne* 
Parkest and others, with a view to ascertain their natu;re and 
• probable origin. It has thus been found that iheir composition 
is* like that of the intestinal juice, except that tliey contain a 
much larger proportion of water than it does. Under ordinary 
circumstances, the secretion from the mucous membrane of the 
intestine is never so dilute as the stools of cholera; but a very 
dilute juice, winch is almost identical in composition with the 
rice-water stools,}: is secreted by the intestine wlien the nerves 
going to it are paralysed, as in the w- ell- known experiment of 
Moreau,§ This gentlcinau took a large dog, which had not been 
fed for at least twenty-four hours, and, after putting it under 
chloroform, made an incision through the abdominal walls, and 
dre^v out a loop of intestine. Hound this he put two ligatures, 


Fig, J 48.— ‘Diagram showing the effect of soctio}i of nerves on secretion from 
the intestine. The nerves going to the middle loop have been divided, and 
it is distended with the fluid secreted. 





about 4 or 5 inches apart from one another, so that the 
piece of bowel behveen them w^as completely tied off from the 
rest of the intestine ; he then cut all the nerves going to this 

* Kubne. Paper read before the Medical Society of Amsterdam in the winter 
of 1868-9. Unpublished. 

t Piirkes, Itoudon Jatintal of MedMne, vol. i, p. 134. 

: J Kiihim, 07^ 

§ Moreau, 1859, p. 654. 
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part, but took care to leave all the blood-vessels iininjured. He 
next tied off in the same way a piece of intestine about the same 
lengtji as the first on each side of it, but did not cut the nerves 
going to them. All the three parts were thus completely 
empty ; they were all equally isolated from the rest of the 
intestine, and were all in exactly the same condition in regard 
to their vascular supply ; but the nerves of tlie middle piece 
were cut, and therefore paralysed, while those of the pieces at 
each side of it went not. He then put tlie intestine back into 
the abdomen, and sewed up the wound. After four or five 
hours, he killed the dog, a?id examined the intestine. The two 
pieces which liad been ligatured off from the rest, but whose 
nerves had not heon cut, were found empty, just as tlu^y were 
when they wore put into the abdomen: Init the third piece, 
which lay between the two others, and whose nerves had all 
been divided, was found distended like a sausage with a fluid 
whoso composition, as 1 have already said, was almost identical 
witli that of cholera-stools. Xow, in this experiment, all the 
nerves going to the intestine ’were cut, and tluweforo paralysed; 
but we do not know wlicther or not the same eHects would have 
been produced if only some of them had been paralysed, and it 
is not improbable tlnit it might liavo been so. 

Wc liavc, then, in chohwa, the same profuse secretion as in 
j\Iorcau's (experiment; and from identity of etlect we may fairly 
iiiler idtuUvity of cause, and are, therefV)r(\ justified in concluding 
tlnit the great outpouring of fluid into Uie bowed is duo in both 
cnsc.s to paralysis of some, at least, of the nerves of the intestine. 
The probability that only some of the nerves, and not all of tliem, 
are paralysed in cholera, is strengthem^d by a consideration of 
the cireumstanees wlji cl i induce a liaralyiic secretion of saliva in 
the suhmaxillary gland. Whenever a dilFumlt question regard- 
ing secretion aristis, Ave arc always obliged to refer to this gland, 
because in it the process of secretion luis l>e(3n most fully investi- 
gated, and tlie conditions under which it kikcKS place are best 
nndorstood. When some of the nerves connected with the sub- 
maxillary gland* ar(3 paralysed by dividing them, a continuous 
-md profuse secretion is poured out by it. When some addi- 

• The fibre.s <?onricctipg the gubirjaxillary g«nglion nncl the lingual nerve. 
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tional nerve-fibres,^ however, are divided, instead of fclie secretiou 
becoiniiig still more profuse, it becomes diiiiinisiied. We do 
not possess suflicient kuowled.ijo regai’ding secretiou frfjjjii the 
^ntestine to be certain tliat it can be modified in tlie s^ie way 
as that from the subinaxillary gland; but if, as seems very 
probable, this analogy subsists between them, we can easily 
understand that, while a profuse flow of liquid into the intestine 
indicates a certain amount of paralysis of its nerves, a more 
moderate How might he due to two ojqjosite causes — viz., either 
to a less degree of j)aralysis or to a still greater one» When I 
speak of the choleraic discharges as a consequence of nervous 
paralysis, I refer only to tlie rice-water stools, and do iK't at all 
include tire preliminary diarrhoea; for that may depend only on 
irritation of the intestinal nerves without paralysis, just as an 
abundant secretion of saliva may 1)0 obtained from the snl)- 
maxillary gland by irritating some of the nerves connected witli 
it,t without division or paralysis of any (jiie of tliein. 

In consequeiice of sucli a largo amount of water being al»- 
stracted from the blood by the intestinal ghuitls in order to 
form the rice-water stools, the blood itself becomes much thicker, 
and the ])rnpc)rtion of solid matter it contains mncli greater.J 
The intense thirst daring life, and the dryness of the tissues 
wliich is found after death, aj)pear to be directly duo to the 
loss of water from the blood. 

The other symptoms have also been ascribed by some 
persons to the el'fect of the thickened blood; while others 
attribute them partly to this, and partly to the reflex action of 
the intestinal lesions on the nervous system ; and yet others to 
the direct action of the cholera-poison itself. 

As Dr. l^irkes§ and Dr. George Johnson have clearly pointed 
out, all the other symptoms can be referred to the blood being 

♦ Tho fibres coanocting tlie ganglion and the chorda tjinpani. Kiilw, 
Zehrhuch der PhifsiolotfUahen Chemie, p. 4. 

t as by irritaOon of the chorda 1 y in pani, either directly by irritation 

applied to its trunk, or rcflexly through the Ungual by acids applied to the 
tongue. 

I IteEripaun, VriUstot k, I)iltel, llionisoi), &c., quoted by Giiesiiigeri 
chow’s Bd. ii, Abt. 2, p. 334. 

§ Parke/t on Cholera^ London, 1347, p. 103. 
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hindered from passing tliroiigli the lungs. In consequence of 

the obstruction in front, the blood accumulMtes in the right side 
of the heart, and distends the large veins. It passes so slowly 
througft^the pulmoiiaiy vessels, that, altliough it is laden with 
carbonic acid, and is quite able to give off this gas and to take’* * * § 
up oxygen,* the air wliicli is expired contains but a small pro- 
portion of the carbonic acid which it would do in health.! So 
little blood reaches the left ventricle, that all that it can send 
out at each systole hardly causes a wave in tlie arteries. The 
pulse tliercfore becomes weak and imperceptible, not only in 
the radial, but in large vessels like the brachial ; and the 
arteries, when cut across, hardly bleed at all.f The art(‘.rioles, 
and probaldy the capillaries, become cmj^ty ; or, as some term 
it, llic vital turgor disappears ; and this ein])ty state of the 
vessels, along with the drying of the lissiu's already alluded to, 
causes the face to become pinched and shrunken, tlie fingers 
slirivell(Ml, and the .skin to lose its wonted e]asticity.§ From 
the want of any fiesli blood IVoiii bebiiul to force it on, ratlier 
than from the obstruction in front, the blood stagnates in the 
vciiioris rjulicles, and becomes almost comfVlctcly deoxygenated, 
giving a livid hue to the surface;!] and wlien a vein is opened, 

* I liMvo not been able to find direct experiments on tlio amount of carbonic 
afrid contained in the venous blootl in cholera, nor on its power to give off this 
gas find absorb oxygen, but 1 infer that it coritjiins niueh carbonic acid, from its 
extremely dark colour ; and that its power of undergoing respiratory changes is 
not destroyed, from the fact that it becomes red on exposure to air. See Farkes 
on Ofndera, p. 113. 

t Bayer, Gazette MMieale^ 1832, p. 278, and several authors quoted by Inin. 

J Dieffenbacli, quoted by Griesiuger, Virchow’s Unndhueh der Pathologie nnd 
Thernpie^ Bd. ii, Abth. 2, p. 327, and by Mageiidie, Gazette J^tedicate^ 1832, 
p. 253. Magendie attributes the emptiness of the arteries, and Griesinger the 
^low passage of blood tlirough the lungs, to weakness of the heart; but it seems 
much more probable tllat they are due to obstruction of the pulmonary circula- 
tion, as Parkes has shown that the heart sometimes continues to beat with 
considerable vigour dunng c-ollnpse, and the seeond- sound of the lieart becomes 
inatidible while the first can still bo heaixl. iVow the first sound is caused 
ahiiost entirely by the contraction of the niuscubir walls of tbo heart (Ludwig 
Dogiel, Ludwig's Arbeilen^ 18GU, p. 78), and it disappears f rst in cases of 
weakness of the organ, as in fever; but the second sound is caused by the closure 
of the sigmoid valves. 

§ Niemeyor, Practice of Medicine j translation* London, 1871, vol. ii, p. 637- 

II Griesinger, qp. eiY., p. 328. 
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and the thick blood whicli distended it is emptied out, no more 
will liow. From the bipod, which in health acts as the diffuser 
of heat to tlie extremities^ and the equaliser of temperature in 
the body, being thus pent up in its interior, and ng^longer 
%nrculating through the skin or lungs, and becoming itself cooled 
as it warms them, the surface and the expired air both become 
cold, while a thermometer in the rectum may show a tem- 
perature higher tlian any observed even iu the most intomse 
fever.* 

All the symptoms are thus easily and satisfactorily explained 
by the hypothesis of Parkes and Johnson, that the circulation 
is ohstructed in the lungs ; and oven cases wliicli at first »siglit 
might seem to militate against it, on closer examination serve, 
I think, only to confirm it. Such cUvSea are those observed by 
Mackinnon,t where, after a chock had been put to the vomiting 
and purging, the voice, brealliing, and warmtli of the skin 
became natural ; tlie face had none of the peculiar character of 
the disease; the jiatients walked about and called for foo^l, 
saying that they felt well; but tlieir pulse was imperceptilJe, 
and iu one or two days they died of coma. In these cases, it is 
true, the imperceptible nature of the pulse might be partly due 
to feeble action of the heart; but it seems not improbable that 
it was owing in great measure to persistent obstruction in the 
pulmonary circulation. It would appear almost impossible for 
men to live in such a condition ; but Sir James Paget has shownj 
that pets may have tlieir pulmonary circulation obstructed 
to an enormous extent, and yet hardly present a symptom of 
anything wrong, so long as the systemic vessels contract in 
unison with the pulmonary ones, and do not allow any more 
blood to pass through them in a given time than is able to flow 
through the obstructed arteries in the lungs during a similar 
period. 

WliUe the hypothesis of obstruction to the pulmonary circu- 
lation readily explains the symptoms in collapse, it is not easy 
to ascertain how this obstruction is occasioned, and several 

• G-ixterbock, FiVcA. vol. xxxviii, p. 30. 

t Beytiolds' of 3fe<iictne, Tol. 1 , p. 163. 

X Medico- Chirur^fieal TramaetionSf lQ4ib fly. ^^9. 
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caiis*es might be assigned to it, and much might be said in 
favouj^ of each of them- It might be due only to the thickened 
condition of tlie blood, win* cli hindered it Itohi passing through the 
puhriofiary capillaries, although they were not contracted beyond 
their normal caliljre, or the tldckeued blood itself may act as*'^ 
an irritant to them and cause them to contract. It is very 
probable that the tliickcned state of the blood is one cause, and 
by no means an unim])ortant one, of the retarded flow of the 
blood; but it appears also likely that contraction of the pul- 
monary capillaries is present in addition, and also tliat it does 
not depend on the condition of the lilood, for, as Niemeyer and 
others have ])ointod out, the syiuptoiiis of collapse may dis- 
appear so quickly that it can hardly be vsupposed that time 
enough has elapsed to allow of tlie abvsorption of suflicient fluid 
to restore to the Idood its nonnal amount of water.^ 

The blood in oliolera has the coloiir of lulliorry juice, and this 
might be siqjposed to indicate changes in it wliich would cause 
it to act as an irritant to the ])ulmonary vessels, aud cause them to 
contract independently of any change in the amount of water it 
contained. Tliis, however, can hardly l)e the case, as Krukeii- 
bergt luis found this condition continue for weeks. This pecu- 
liar colour of the blood is probably due to some of it having 
become so completely deoxidised in the capillaries, that the 
haunoglobin has passed out of tlie corpuscles into the plasma,, 
and this view is confirmed by tlic dark red colour which the 
serum sometiines j)iesents {Parkes on Ghdera, p. 124). When 
blood has undergone deoxidaliou to such an extent tliat this, 
occurrence takes place, it cease.s to become red when exposed to 
air, but it nevertlndes^s takes up oxygen and gives off carbonic 
acid in the usual way. This fact explains the statement made 
by Eayer, that blood in cholera duos not become red wiien 
exposed to air; and the observation of Seaiie (St^arle on Cholera, 
p. 62), that the blood drawn from the arteries in cliolera is often 
dark coloured. 

Besides the causes already mentioned, there are two others to 
wliieh the contraction of the pulmonary vessels might readily be 

* Niemeyer, S^mptomatiseke Behandlmig der Cholera, p, 14. 

t Niemeyer, op. cit., p. 13. 
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e^frjbuted; viz.; reflex action from the intestines, and the direct 
action of the cholera j)oison, whatever that inajj be, on the vessels 
themselves. The occurrence of symptoms alihost exac||y resem- 
l]»}ing those of cholera-collapse in cases of ])er f oration ♦of the 
•intestines, or of intense gastro-intestinal irritation by arsenical 
poisoning, would seem to favour the first view. On the other 
IVrihd, the fact tliat there is nogrcfit lesion of the intestinal tube 
in cholera during life — the denudation of o])itheliutn. on which 
Nienieyer laid much stress, being clnelly, if not entirely, a post- 
mortem phenomenon — as well as tlie occurrence of syin])toms of 
collapse after intense malaria poisoning, as HKiiitioned by 
Goodcve,* is in favour of the second view, and between them I 
cannot pretend to decide. Whatever bo the cause of the cou- 
traction of the pulmonuTy vessels iu choleni, wo may, I tlunk, 
assume that tlie obstruction to the circulation is due partly to 
it ami partly to the thickened condition of the l)lood. 

The indications for treatment in cholera-collapse, then, are — 
1. To remove, the paralysis of the intestinal mu'ves. 2. To 
dilute the thickened blood. 3. To dilate the i)ulmonary capil- 
laries, 4. To oxygenate the blood passing tlirongh tliem. 

How the paralysis is to be removed I for (»ue do not know. 
That the cojrious secretion from the l)Ovv(;l ('lijniniites tlie poison 
from tlu3 blood is, I think, doubtful, and any bfuiclit tluit may 
rpsiiit from it in this way is, I believe, more than counteracted 
by the alteration wliicli it pi'oduces in the condition of the 
blood. That many cases in which the dischaige has been pro- 
fulse have ended in reeovei’y, and that others in which it has 
been scanty have terminated fatally, may simply show (if the 
amibigy between the secretion in the intestine and the sub- 
jnnxiJIary gland be correct) that the nervous p.iialysis has been 
more complete in tlie latter than in the former case, wliilc tlie 
uccuiiiulatiou of fluid in the intestine without purging, in the 
so-called cholera sicca, would indicate paralysis not merely of 
tlie -uereting, but also of the motor, nerves of tlie bowel. AVImt 
I have just said, however, is no argumeut agaiust tlie use of 
castor-oil in the treatment of collapse. Wiicu we know so 
little of the pathology of the disease, or of the action of the 
* Keynolds’ Sifsient^ oJ Medicmcy xo\, i, p. 17. 
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reinedies we ^smploy, our treatment must be empirical, and suc- 
cessful results be our warrant for employing one method 
rather tl:.^n another. The second indication, auz., to dilute the 
blood, ts^ generally fulfilled by giving ice and ice-cold water by^ 
tiie stomach. The wonderful effects which immediately follow 
injection of salt solutions into the veins show wdiafc an important 
sliare the loss of M'ater from the blood has in tlie production of 
collapse. The ultimate benefit resulting from this mode of treat- 
ment has liitherto not been commensurate with the immediate 
relief to the symptoms which it affords, but this should only 
lead us to try whether we cannot, by employing different pro- 
portions of salts, or using medicines in addition to them, find 
some method of rendering the immediate effects of the injection 
jiermanent. 

For the purpose of relaxing the contraction of the pulmonary 
capillaries, nitrite of amyl would seem, as Dr. Jones says, to be 
the very remedy. In this Journal for October 14tl\ (1871), Dr. 
George Johnson observes that nitrite of amyl may not act on the 
pulmonary capillaries as it does on tlje systemic ones. I have, 
however, t]*ied it on animals, and find that it does. When given 
to rabbits, it causes the systemic capillaries to dilate enormously, 
the blood flows rapidly into the veins, and the pressure on tlie 
arterial system sinks iu a corresponding degree. If it did nob 
prorluce dilatation of the pulmonary as well as of tlie systemic;i 
("ipillaries, the blood which poui’s rapidly into the veins could 
not pass with equal rapidity out of them through tlie pulmonary 
vessels, and it would consequently accumulate in, and distend 
the right side of tlie heart. In order to see whether this was 
tlie case or not, I thoroughly narcotised a rabbit with chloral, 
put a cannula into its trachea, and kept up artificial respiration. 
I then opened the thorax, and, after carefully noting the appear- 
ance of the heart, passed the vapour of nitrite of amyl, mixed 
with air, into the lungs. When this was done, the cardiac pul- 
sations became a little quicker, but not the slightest distension 
of the right side of the heart or of the jugular vein could be 
observed. I repeated the experiment several times with the 
same result. There is no reason to suppose that the chloral 
with which the animal was narcotised altered iu any way the 

2 B 
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potion : Q£ th6 nitrife of amyl on the puMpnary vessels, fot I 
liave fotind that other vapours, as well as- eertaih poisons, 
injected into the jugiilar vein, cause accumulation of blood in 
the right side of the heart after the animal has been coijipletely 
narcotised. I have also observed that this accumulation of 
blood, which I believe, to be due to contraction of the pulmo- 
nary vessels caused by the poison or vapour, has disappeared in 
the case of one poison at least,* after the injection of another 
drug which had been previously found to be an antidote to it 
in other respects. With the prosecution of these experiments 
l am at present engaged ; and I take this opportunity of thank- 
ing Dr. Burdon Sanderson for his kindness in allowing me the 
use of his laboratory and apparatus. 

Dr. Johnson also says that, even if nitrite of amyl’ were 
shown to possess the power of relaxing the pulmonary capil- 
laries in health, it might not do so in disease, or at any rate not 
to the same extent. Some observations which I have made on 
its action in angina pectoris lend probability to this idea. In 
the paper already referred to, which I published in 1867, I 
mentioned my belief that angina was due to spasmodic contrac- 
tion of the capillaries j and in a paper in the Clinical Society’ ^ 
Transactions for 1870, I gave copies of one or two of the 
sphygmographic tracings which led me to form this belief. In 
it I noticed that occasionally after the anginal pain had dis- 
appeared from every other part of the cardiac region, it remained 
persistently at a spot two inches inside the right nipple. This 
local persistence of the pain was accompanied by a peculiar 
condition of the pulse, which seemed to me to indicate that the 
pulmonary capillaries had not become relaxed to the same 
extent as the systemic ones. As sphygmographic tracings, 
especially when taken with an instrument like the one I used, 
in which the pressure exerted by the spring could not be esti- 
mated, sometimes admit of diflerent interpretations, I append 
copies of some of them. I may mention, however, that these 
tracings are strictly comparable with each other, although they 

• MuBwnD.Uie sotiTe principle of amanitinaascariB, diacovered by ProfMsor 
; Sclumedeberg, n^enf to prodnee contraetion of tile pulmonary capillaries, and 
this is at once reinored by atropia. ' 
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may not Ibe so with tracings taken at a different time ; for .while 
these were being taken, the instrument remained attached to 
the arq;^ of the patient, and the pressure of the spring which 
rested upon the artery remained unaltered. In the normal con-* 
dition of the patient, his pulse presented the characters seen in 
Fig. 149. 

Fio. 149. 



Iluring the attack of angina, the capillaries become con- 
tracted, and the arterial tension rose as seen in Fig. 150. When 


Fio. 150. 



tlie nitrite was inhaled, the pulse in most cases quickly regained 
its normal character ; but when the pain remained in the region 
of the right nipple after the inhalation, the arterial tension fell 
as usual, indicating dilatation of the systemic capillaries, but the 
volume of the pulse remained small, as shown in Fig. 151. The 


Fie. 151. 



small volume is, I think, due to the pulmonary capillaries hot 
dilating, or only imperfectly, under the action of the nitrite; 
and if I discontinued the inhalation before the volume of the 
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pulse became normal, as well as its character, I felt nearly 
certain that the spasmodic pain would speedily return with all 
its former intensity. 

r. The observation of Drs. Hayden and Cruise that the pulse 
bectime perceptible in their patients after the inhalation, seems 
to show, liowever, that the nitrite did relax the pulmonary 
vessels during the collapse, and allowed a fuller stream of blood 
to pass into the left ventricle, and thence to the body, WJiy, 
then, did it increase the difficulty of breathing ? One would 
have thought that by allowing more blood to flow through the 
lungs, it would at least have alleviated this symptom, if it did 
not remove it altogether. The experiments of Dr. Arthur 
Gamgee at once enable us to answer this question. In a paper 
in the JRoyal Society’s Transactions* Ire showed that nitrite of 
amyl combines with htemoglobin, the oxygen-carrier of tlio 
blood, and prevents it from giving off oxygen after it has taken 
it up. When the blood is exposed to the vapour of the drug as 
it passes through tlie lungs, the oxygen becomes locked up in it, 
and cannot be given off to the tissues for their use, so that 
however much oxygen the blood in the arteiios may contain, it 
acts very much as if it were venous. In consequence of tliis, I 
have found that when the vapour of tlie nitrite is passed into 
the lungs of rabbits, they are seized with suffocative convul- 
sions. The greater part of tlie blood which passed thi’ough the 
lungs having been acted on by the vapour, it affects the brain 
just as it would have done if the trachea had been closed, and 
*no air allowed to come near it during its passage through the 
pulmonai’y vessels, and therefore convulsious occur as soon as it 
reaches the brain. Professor H. C. Wood, of Philadelphia, t 
who has lately written a valuable paper on the action of the 
nitrite, found no convulsions after injecting it subcutaneously. 
By giving it in this way, the blood was not acted, on during its 
piussage through the lungs, and asphyxia was prevented. This, 
I think, shows that if nitrite of amyl is to be used at all as a 
I'emedy in cholera, it must be given internally or by subcu- 
taneous injection, and uot by inhalation. This mode of adniini- 

* Philosophical Tramaciions, lSfiS, p. 689. 

f American Journal oj^ Medical iScieiiceSf 1S71* 
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stratlon seems to me to be indicated also in spasmodic asthma, 
when the arterialisation of the blood is also impaired. In angina 
pectoris it will act when given internally, but a larger dose is 
required than wlien inhaled ; and it remains to be seen whether 
it can be given in cholera in sufhcient doses to relax the capil-'* 
laries without, at the same time, injuriously impairing the re- 
spiratory changes in the blood and tissues. 



' ON THE USE OF AHTIFICIAL EESPIRITION 
AND TRANSFUSION AS A MEANS OF 
PRESERVING LIFE. 

(Reprinted from the BritUh Medical Journal, May 17) 1873.) 

In his admirable Lessons in Physiology, Huxley says that “ the 
brain, the lungs, and the heart, have been fancifully termed the 
tripod of life ; but, in ultimate analysis, life has but two legs to 
stand upon, the lungs and the heart, for death through the 
brain is always the effect of the secondary action of the injury 
to that oi^an upon the lungs or the heart.” This conclusion is 
founded on the experiments of many observers, among the most 
interesting of which are those of the Abb(5 Fontana and 
Legallois.* The former found that the brain was not necessary 
to life ; for he could cut off the heads of rabbits and guinea-pigs, 
and yet keep their bodies alive by connecting a pair of bellows 
with the trachea, and keeping up artificial respiration. As he 
himself says, an animal can live quite well without a head : 
artificial respiration and the circulation of the humours in the 
various parts are quite sufficient. The headless trunks evi- 
denced their vitality by displaying sensitiveness to impressions, 
and executing what the Abbe considered to be voluntary 
^ movements, but which we would now term simply reflex 
actions. Legallois went even further than Fontana; for, not 
content with cutting off the rabbit’s head, he tied the aorta and 
vena cava, and then cut away the whole of the posterior part of 
the body, leaving only the headless thorax. This fragment of 
the body, mutilated as it was, still remained alive; the fore 
paws showed sensibility when irritated, and the thorax twisted 
when the skin over it was pinched, or more distinctly still if 

* Fontana, Traiti cur h vSnin de la viph-e, sur Its poisom Amiricains, svr It 
lavrier cerise, et sur quelques aufres poisons Florence, 1781, tomo 1, 

page 317 j htfstlXois, Eaepiritncet sur le principe de la vie, Paris, 1830, tome !» 
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the lower end of the spinal cord were touched. • Even when the 
experiment was carried farther, and the whole of the cervical 
with part of the dorsal spinal cord was destroyed, evidences of 
life could be observed in the posterior two-thirds of the thorax. 
These experiments demonstrated beyond doubt that, if the lungs 
and heart could perform their functions with any other fragment 
of the body as they do with the tliorax, it might be kept alive. 
As Legallois himself says, “ if the place of the heart could be 
supplied by a sort of injection, and if at the same time a supply 
of arterial blood, either natural or artificial, if such a formation 
of blood were possible, could be obtained, life might be main- 
tained indefinitely in any fragment of the body whatfiver ; and 
conseipie-ntly a severed head might he kept alive and in pos- 
session of all the faculties pertaining to the brain. Not only 
could life be maintained in this manner, either in the head or 
in any other isolated part of an aniTnal’s body, hut it might be 
recalled after its entire extinction ; it miglit even be recalled to 
tlie whole body, and a veritable resurrection, in every sense of 
the word, miglit be effected.” Perhaps it may seem that the 
success of his experiments rendered Legallois too sanguine ; but 
his anticipations have already in great part been fulfilled, and a 
severed head has been partially at least restored to life by 
M. Brown-Soquanl His experiment, as related by M. Vulpian,* 
consisted in cutting off the bead of a dog immediately after it 
had been killed, and connecting the carotid and vertebral 
arteries with an apparatus for artificial circulation. After eight 
or ten minutes had elapsed, and all signs of excitability in the 
medulla oblongata and the rest of the encephalon had been gone 
for several minutes, detibrinated and ai-terialised blood wa.s 
injected simultaneously into the vertebrals and carotids. In a 
few seconds, signs of life began to appear, and the mu.scles of 
the eyes, in fine, acted in such a way as seemed to prove that 
the cerebral functions w'ere re-established. 

Hardly less astonishing than Brown- Sckpiard’s experiments 
are those of I’reyer.f who has succeeded in restoring their vital 
properties to a frog’s muscles after they have been brought into 

♦ Cowr# 1864*(55, tome 2, p. 217. 

t Ventmlblatt fur die Med, Wiesenschafl.^ 1804, p. 769. 
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tiie state of ri4'or mortis by dipping them into ^varm water. 

; This condition depends on coagulation of the muscular substance 
or myosin ; and circulation of blood alone through muscles in 
this state is of no use, for it cannot soften the hardened^tfiyosin. 
(Something more is therefore necessary. Coagulated myosin is 
soluble in a solution of common salt; but, though a muscle 
dipped ill such a solution may lose its hardness and again 
become soft and pliable, it does not regain its vitality. By 
combining the two methods, however, the difliculty has been 
overcome ; and, by first dipping the rigid muscle in a solution of 
salt, and then allowing blood to stream through it, Prcyer has 
had the satisfaction of seeing frogs jump and swim by tlie aid 
of muscles which had been almost as hard and stiff as a piece of 
wood only a short while before. 

Nor are nerves and muscles the only parts which can be kept 
alive by artificial circulation. Glands also preserve their 
vitality; and Ludwig and his pupils,* by inaiiitaining artiiicial 
circulation in them, have succeeded in making livers secrete 
bile, and lungs excrete carbonic acid, for hours after they have 
been excised from the body. 

More examples might be given, but the above are sufficient to 
show the power of artificial circulatio^i to keep any part of the 
body alive after tlie death of the rest. The converse of this is 
also true; and, if blood be prevented from circulating through 
any part of the body, that part will die, although tlie rest may 
remain healthy. So generally known is this, that no one ever 
thinks of tying a bandage so tightly as to stop the circulation, 
and leaving it tlius, as lie well knows that death, or, as we 
usually term it, mortification of tlie ligatured part would be tlie 
result. It is easy for any one, indeed, to observe for himself 
the destructive eflects of want of blood and the vivifying power 
of renewed circulation, by repeating the experiment devised by 
the Danish physiologist Steno, or Stenson, more than 200 
years ago, A gentle steady pressure with the thumb on the 
abdominal aorta of a rabbit, so as to stop the circulation for a 
couple of minutes, is all that is necessary to pmdiice complete 
paralysis of the hind legs of the animal ; and a feu? minutea 
♦ Ludm^^s Arb^Un, 1868, p. 113, antllSTO, p, 38, : . 
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inoro of renewed circulation suffice to restor^ tliem to their 
normal state. It might almost seem that the tripod of life had 
been reduced to one leg — viz., a circulating apparatus or heart; 
but this is not the case, for it must be remembered that the 
blood wJiich circulates must lie oxygenated or arterial; and if* 
as in the case of artificial circulation, there be no lungs to eflect 
its oxygenation, their place mast be supplied by agitation with 
air, though this is at best but a poor substitute. Indeed, it is 
rather because the blood carries oxygen than nutriment to the 
tissues that arrest of circulation causes them to die so speedily ; 
for Kronecker found* that, after he had exhausted the muscles 
of a frog by constant irritation, he could restore their contrac- 
tility by passing through their vessels a solution of permanganate 
of potash, wliich, like the blood, could .supply them with oxygen, 
although it could yield tliem no nourishment. 

The body is made up of a number of parts ; and if the heart 
stop, the circidatiou ceases; or, if the lungs fail to perform 
their duty, so that the circulating blood is no longer aiterial- 
ised, all the parts, and therefore the whole body, will die. But 
the parts will not all die at the same time ; and this is a point 
of great practical importance. Tlie brain and spinal cord 
generally die first, and the heart may be pulsating as regularly 
as ever when all respiratory movements have ceased, and no 
irritation, however intense, will evoke the faintest indication 
of consciousness, or excite the slightest reflux action. The 
muscles retain their imtability still longer than the heart, and 
they continue to possess their power of contraction, and the 
lungs their ability to oxygenate the blood, even after the cvirdiac 
pulsations have entirely ceased. Here, then, we come to the 
third leg of the triporl of life — ^viz,, the brain — for want of which 
the other two cannot stand. The whole body, in fact, may he, 
and often is, alive, with the exception of the nervous centres. 
The heart is alive, the lungs are alive, but the brain is dead, 
and, without it, the respiratory muscles will not work. The 
want of oxygen weakens the heart ; it gradually stops, and then 
the other parts of the body die, each in its turn. But, if the 
respiration can only be kept up artificially, the heart will go on 

f Ludwig’s 1872, p. 182. 
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beating; the circulation of arterial blood through the brain 
may gradually restore its power ; the rhythmical movements of 
natural respiration will again begin, and the life of the animal once 
more be securely established. This is* no mere fanciful tlream, 
but sober fact, as the successful efforts of the Humane Society 
to resuscitate piu-sons apparently dead abundantly prove. It 
has, moreover, been lately demonstrated in a striking manner 
in some e.xperiinents of Schiff.** These were made for the pur- 
pose of ascertaining what the use of artificuil respiration would 
be in concussion or compression of the brain, or in cases of 
apoplexy where a clot has formed in the medulla oblongata, and, 
by pressing upon that part of it which presides over the inner- 
vation of the muscles of raspiration, has put a stop to these 
movements. In order to imitate the efl'ect of an apoplectic 
extravasation, Schiff anaesthetised a dog with ether, and, after 
exposing the medulla oblongata, destroyed a considerable part 
of it with a scalpel or sound, though he always left one lateral 
column at least intact. Immediately after the injury the re.spi- 
ration ceased, the tongue became swollen and livid, convulsions 
occurred, and the animal appeared to be dying. The heart 
became weaker and weaker ; but, when it had almost ceased to 
beat, artificial respiration was begun. Very shortly the pulsa- 
tions regained their normal strength, and the death-like lividity 
of the tongue gave place to the rosy hue of healtlu After 
respiration had been kept up for a few hours it was discon- 
tinued, and then, if the injury to the medulla had not been too 
great, spontaneous respiratory movements commenced, but they 
were still feeble. They became much stronger if artificial 
respiration were again renewed for half an hour longer— strong 
enough, indeed, to keep the animal alive without any artificial 
assistance. It is true that, when tlie lesion had destroyed the 
one side of the medulla, only one-half of the thorax took part 
in the respiratory movements ; but this was in many eases 
quite sufficient for the wants of the animal. In the only ease 
in which Schilf attempted to keep the animal alive permanently 
lie was perfectly succe-ssful. The beneficial effects of artificial 
respiration were equally encouraging wlien natural respiration 
* £a 1872, No. 102. 



was arrested by compression of the brain throfigh the injection 
of tepid water nnder high pressure into the cranial cavity. 
From these experiments it is evident that we may hope for the 
best I^ults from the use of artificial respiration in some of 
those cases of apoplexy where an extravasation almost instantly 
arrests the respiratory movements, either directly by destroying 
a part of the medulla, or indirectly by causing compression of 
the brain. It may be thought that there is a considerable 
difference between the compression produced by the injection of 
tepid water and that which is due to an extravasation of blood, 
inasmuch as the water will be rapidly absorbed, while the blood 
will not. To a great extent this is true, and we can hardly 
expect very much good from artificial respiration in cases of 
apoplexy wdiero the clot is large and the affection of the respi- 
ration is gradual. In those cases, however, w’here a small extra- 
vasation only has taken place in or near the medulla, the respi- 
ratory movements are abolished, just as in Schiffs experiments, 
by what may be termed the shock, although the medulla could 
carry on respiration well enough if time w'cre given it to 
recover from the immediate effects of the injury. The em- 
ployment of artificial respiration for a few' hours would give the 
time required. 

In another class of cases — that of poisoning by woorara, 
Ijydrocyanic acid, &c. — artificial respiration is invaluable. lu 
his Travels* Waterton tells a melancholy story of a poor Indian 
who, when shooting at a luoukey sitting in a tree straight alK)ve 
him, was wounded near the elbow by his own arrow as it fell 
down. He immediately became convinced that it vras all over 
with him. “ I shall never,” said he to his companion in a 
faltering voice, and looking at his bow as he said it, “ I shall 
never bend this bow again.” Having said this, he took off the 
little bamboo poison-box which hung across his shoulder, and 
putting it, together with his bow ami arrows, on the ground, he 
laid himself down beside them, bade his companion farewell, 
and never spoke again. 

It is not true, as some persons formerly supposed, that the 
minutest quantity of woorara in the blood is sullicieut to cause 
• TraveU in Sou^ Amtrioa, 1825, p. 71. 
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death; It is a very powerful poison, certainly ; but there is a. 
liinit to its virulence ; and, if there be too little of it in the 
blood, it will have no action. On this account it is not usually 
poisonous when swallowed, for it is excreted by the kidpSys as 
quickly as it is absorbed from the stomach, and so there is 
never enough in the blood at any one time to produce any effect 
whatever on the body. The result is very different, however, 
when the kidneys are prevented from acting, by ligatures 
applied to the ureters. Tlien the poison, which is gradually 
absorbed from the stomach, goes on accunmiating in the blood, 
and by-and-by, when it has reached the necessary amount, it 
produces exactly the same effects as if it had been injected 
directly into the veins. When the poison is applied to a wound, 
it is usually absorbed more quickly than the kidneys can 
excrete it, and so poisoning occurs. But, if a ligature be applied 
above the wound so as nearly to stoj) the circulation, the 
absorption of the poison may be hindered so much that it is not 
taken up from the wound any faster than the kidneys can 
excrete it. Thus the whole of it may be got rid of, without its 
ever being able to produce any toxic effects whatever. If the 
circulation be allowed to go on at all in the wounded part, it is 
rather difficult to regulate it exactly enough to ensure that too 
much poison shall not be absorbed at once. It is, therefore, 
better to apply the ligature so tightly as to stop the circulation 
altogether, and only remove it occasionally for- a few seconds at 
a time. In this way it is easy to control the absorption of the 
|)Oison by removing the ligature with more or less frequency, 
and leaving it off' for a longer or shorter i)eriod, as seems 
advisable. But it is not by regulating the absorption of wooruta 
only that w'e are able to prevent its toxic action. Even when a 
lai^e quantity is circulating in the blood, and the animal seems 
perfectly dead, recovery is still possible. 

The woorara, curare, or ticunas poison— for it has all the.se 
n-ames and several more— has little or no action on either the 
brain or the muscles ; but, as Bernard has shown, it paralyses 
the motor nerves; and so the rhythmical nervous ipxpulses 
which the medulla usually sends 'to the muscles of respiiution 
cannot be transmitted, and breathiiig ceases. Many years before 
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Bernard’s experiments, however, Sir Benjamiu*Brodie* observed 
that, in animals apparently killed by this poison, the heart con- 
tinued to beat for a long time ; and tiie idea occurred to him 
that, % he could keep up respiration for a snilicient length of 
time, the poison Avoxild be eliminated, and the animal com- 
pletely restored. His first attempts were unsuccessful, but after 
a little while he succeeded completely ; and since then his 
experiment has been so frequently repeated, that no physiolo- 
gist can doubt that the complete restoration of an animal 
poisoned in this way is merely a matter of time, unless the dose 
has been so overwhelmingly great as to paralyse the heart. I 
have myself tudce restored to life rabbits which a dose of 
woorara had apparently completely killed, by keeping up arti- 
ficial respiration in the one case for one, and in tbe other for 
four hours ; and in foreign laboratories I have seen them par- 
tially restored, and only remlered motionless by rei)eated do.ses 
of woorara, oftencr than I can well recollect. Hydrocyanic acid 
is a much more dangerous poison than woorara ; for it seems 
not only to arrest respiration by j)aralysing the brain, spinal 
cord, nerves and muscles, but also to stop the circulation by 
destroying the power of the. heart. The heart, however, is not 
so soon affected as the respiratory organs ; and Brodie succeeded 
in restoring animals poisoned by small doses of it given in the 
form of oil of almonds. 

The poison of the cobra di capello resembles prussic acid 
rather than woorara in the universality of its action ; for some 
experiments which I made about a year ago in the laboratory of 
Dr. Burden Sanderson seem to show that it paralyses tlic spinal 
cord, the motor nerv'es and the muscles themselves. The lieart 
also, as Dr. Fayrer and I have found, seems to he paralysed if 
the dose be very large, as it may be also by an excessive dose • 
of woorara ; but it almost always continues to beat for a long 
time after respiration has ceased. To this fact I have drawn 
particular attention in my appendix to Dr. Fayrer’s admirable 
work on the Thanaivphidia of India, The same thing was 
observed by Fontana {op. cU., tom. i, p. 80) in poisoning % the 
bite of the viper, and by Weir Mitchell in poisoning by the 
• J»Aa. 1812 . 
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rattlesnake. W^ir Mitcliell* that the heart tnigkt he 
kept pulsating for a’ long time by means of- artifieial respiration ; 
hut his results do not seem to have, been so encouraging as to 
lead him to propose it as a means of saving life. Dtj Fayrer 
4hd I.liave been more fortunate, and on one occasion we have 
succeeded in keeping the heart of a rabbit beating for eight 
liours after the animal was apparently dead. Nor had the heart 
ceased to pulsate even then ; but the hour w’as late, the room 
was cold, the assistant was no doubt tired, and the experiment 
was consequently given up. Altliough respiiutiou had been 
continued for a much longer time than is usually nece.ssary with 
M’oorara, the animal gave no signs of returning sensibility. This 
seems to indicate a difference between the poisons. On the 
probable cause of this, I shall have something to say in a later 
part of this paper. 

V The service which artificial respiration renders in cases where 
breitthing has ceased in consequence of asphyxia, whether due 
to drowning, strangling, or j)oisoning by carbonic acid in brewer’s 
■^ataii or close rooms, is so generally recognised, that it is un- 
nece^ry to say anything about it here. Its use in poisoning 
by strychnia is not so well known, and, so far as I am awai’e, 
has only been tested upon animals. Before I proceed to speak 
of this, it may be well to say a lew words in explanation of the 
term apnoea, which I shall have to use, as it is employed by 
, physiologists in a different sense from that which is attached to 
it by many physicians. On the meaning of dyspnoea, both 
physicians and physiologists are agreed; and both apply it to 
^e violent respiratory efforts which occur when the blood is 
ij^l^^f^tly aSrated. Apnoea, however, is not unfrequently used 
by jihysicians in the sense of extreme dyspna'a, where there is 
excessive difficulty of respiration. Physiologists apply it to a 
verjj^ffifferent condition — viz., that in which the blood is so 
excessively aerated that there is no need for breathing at all. 
This will be much better understood by the reader if he wiH 
try I sijpl^le experiment on himself. Let him note how majay 
t 8^on34 W can hold his breath, and he will find tha^ he phU 
j only do so for ;a very short timei Let him then quieliy t^o 

# tliie Venom o/ tk0 JiaillesnaJte, l8Clj ]p.^S^^^ 
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several deep breaths, and repeat the experiment. He will now 
notice that for several seconds more than on the first trial he 
does not feel any inclination to breathe at all. This is the state 
of apnoe* as understood by physiologists. A few years ago,^ 
Bosenthal and Leube* discovered that, when rabbits were kept 
in this condition by means of artificial respiration, a fatal dose 
of strychnia might be injected subcutaneously without producing 
any effect. When the respiration was discontinued, and the 
animal was allowed to pass from the state of apnoea, convul- 
sions came on even after the respiration had been kept up for 
as much as three hours. If it were continued for three and a 
half or four hours, however, the strychnia seemed to have 
been destroyed or e.\creted, and resjiiration might be discon- 
tinued without the occurrence of any convulsion whatev’^er. 
That the lives of the animals had really been saved by artificial 
respiration was shown by the fact that they died when a similar 
dose of strychnia was given to them some time afterwards, and 
re.spiration was not used. A j^ar afterwards, another of Kosen- 
thal’s pupils — Uspensky — .showedf that strychnia was irot the 
only poison the action of which could be prevented by artificial 
respiration. The convulsive action of brucia, thebaia, and 
caffeine was aliolished in an exactly similar manner; but no 
influence could be observed upon that of picrotoxin and uicotia. 

The examples already given are sufficient to prove that life 
may often be preserved by means of artificial respiration alone, 
both in injury and in poisoning. If a man be found lying 
insensible in a close room, poisoned by the fumes of a charcoal 
fire, he can generally be restored by ri>,spiration if his heart beJ 
still beating. But this is not always the case ; for the charcpaU , 
fumes coiitain carbonic oxide, which unites with the colouring 
inattor of the blood, and prevents it from taking up oxygeu; 
so that it may pass time after time through the lungs, and yet 
feiaain venous. It is true, chat after a while the carbonic oxide 
will be expelled from the blood, which then will become capable 
of taking up oxygen as usual ; but the heart may stop, and 
y all hope of recovery be lost before this can be effected,, if the 

♦ Jteicliert atid Du Hois lte 7 mond*i> Archiv., 1867, p 629* > 

f .0^. ciY,, p* 522, 
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blood have bteii much changed by the deadly gas. In such cases, 
the only hope lies in removing the poisoned blood, and replacing 
it by healthy. ^ 

This doe .9 not by any means always succeed ; but occasionally 
""the recovery from impending death is almost miraculous, as in a 
ca.se where it was employed by Br. Hueter {Berlin. Klin. 
WochcHsch., 1870, p. 841). The patient, who was a strong 
young man, was living in a hotel, and one night liad a fire 
Ur'hted in the stove of his room. Next morning he was found 
perfectly unconscious, his iris and cornea quite insensible, and 
his pulse small and rapid. His respiration was weak and inter- 
luitting. Just os evcrtliing was ready, and transfusion of blood 
was begun, it failed altogether. Notwithstanding this, fresh 
blood was allowed to stream into the patient’s radial .artery ; 
the poisoned blood was drawn from a vein, and respiration was 
kept up .artificially. Gradually the pulse became stronger, 
spontaneous resiuratory movements again began, and the cornea 
became sensitive. In about five hours consciousness returned, 
and in a few days health w<is completely restored. E.\'cept- 
ing the veritable resurrection of wliicli Lcgallois spenks, 
what can ki more wonderful tliau the recovery from impending 
death just related ? And, if the joint use of artificial respira- 
tion and transfusion is so successful in one case of poisoning, 
there seems to be no reason why it should not be so in all. In 
strychuia-poisoniug, for instance, whore the qiuvntity absorbed 
has been too great, and de.ath is impending, notwithstanding 
« the use either of cldoroform or of artificial respiration, part of 
the poison might he removed by abstracting some of the, blood 
in which it was circulating, and fresh blood supplied. If con- 
vulsjOBS were occurring constantly, transfusion would be nearly 
impos.sible, hut they might be stopped either by much chloro- 
form or by woorara. I have already mentioned that woorara is 
excreted rather quickly by the kidneys ; and, consequently, 
art^cial respiration for a few hours is usually sufficient'; to 
restore.animals which have been poisoned by it, 

; suppose it, however, to be slowly excreted. Mangt . 

houre, or then elapse before the whole , 

epRld be got rid of; and the maintenance of artificial respuuthjn 
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for sucli a leitgfch of time might be iiDpossible. In sucli a case 
as this, the obvious plan of treatment would be, of course, to 
remove the poison along with tlie blood in wliich it was circu- 
lating,^ instead of waiting for its slow removal by the cmunc-^ 
tories. 

Ifow, it appears to me that this is tlie case in poisoning by 
the bites of snakc'S, and this the treatment wliich must be 
ado])ted. We must combine artificial i*(!spirntion with trans- 
fusion. The experiiiieiits of Dn Fayrer sliuw tliat tlie poison of 
the cobra is circulating in the blood of an animal which has 
been bitten by it; for this lilood will kill aiiotluir animal wlicn 
injected into it. From those of Fontana, it would seean that 
tlic poison of the viper is eliminated fi*om the body; for pigeons 
(lid not die if a ligature were placed on the bitten limb, above 
the place wlierc the wound had been inflicted, and removed 
after some time. lomtana tliought that tiio poison had been 
destroyed in the limb, but was evidently puzzled about it, for 
sonic of his Ollier (‘xperiments liad shown him that mixing it 
with blood did not destroy its virulence. lie imagined that he 
hacl completely &to]>pod the circulation m the injured limb; but 
it is more ju'obable that he had only partially done so, and that 
the poison was thus slowly absorbed from the limb, and, being 
excreted equally quickly, did the creature no liarm. If this expla- 
nation of his expfyriincnts he not correct, it is ditlicult to under- 
stand whv poisoning did not occur wluni the ligature was removed, 
as Water ton found to be the case in some similar experiments 
which lie liad tried with woorara.. So long as the ligature was 
tight, the woorara remained confined to Ukj limb ; but as soon as 
the circulation was allowed to go on, the ])oi.sou was absorbed, 
and tlie animal died. This may seem to be in dircc^t contradio 
tion to wlifit I liavo already said regarding the probable com- 
parative slowness of the excretion of snake-poison to that of 
Avoorara; but it niu-st lx; obsServed that Fontana wait(;d a much 
longer time before ho untied the ligatures than Watertou did, 
and \vould thus allow' a much larger proportion of tlie poison 
to . be excrcUxl. It must be. noted also tliat tlie poison with 
^V^uch he experimented xvas that of the viper and not of the 
and there may be considerable differences in the facility 

2 Q 
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Vfith which they* are excreied. It is, however, possible that I 
aift mistaken in supposing that cobra-poison is- more slowly 
excreted than woorara, as the facts on which I base the suppo- 
sition are simply that the poison of the colwa, introduced into the 
%tomach, seems to produce death more readily than woorara 
would do, and that animals poisoned by it may he kept alive 
for a longer time by artificial respiration without ultimately 
recovering. The poison of the viper, on the otlier hand, 
according to Fontana, may be swallowed, in moderate quantity 
at least, with impunity, though it also occasionally kills when 
taken in this manner, as woorara likewise docs when the 
quantity is great and the stomach empty, so that absorption is 
rapid. 

Enough has now been said to show the possible use of trans- 
fusion, combined witli artificial respiration, nob only in poisoning’ 
by carbonic oxide, but by strychnia and other poisons. Its 
employment in collapse from hremorrhage rerpiires no remarks 
at present. But, in order to make such a method serviceable, 
it must be easily performed, and a supply of blood easily got. 
Kow, I believe that a very simple apparatus indeed will serve 
vthe purpose of transfusing defibrinated blood. But how is a 
sufficient supply to bo got ? for it is evident that a considerable 
quantity may he required. The requisite quantity of human 
blood in most cases can hardly be obtained ; but it has been 
•experimoutally shown that the blood of lambs and calves may 
be transfused into the blood-vessels of man without doing him 
any harm. 

Two hundred years ago, an objection was raised to this 
method of proceeding by Laury (JRevue des Deux Mondes, 
January, 1870, p. 393), who said that, as the blood of a calf or 
•of any other animal whatever is composed of several diflerent 
particles fitted to nourish the different parts of the body, what 
is to become of the particles which were destined to produce 
horns ? And, if the blood of a calf be transfused into the veins 
of a man, as the disposition and habits usually accord with the 
temperament, will the blood of the calf not give the man the 
stupidity and brutal inclinations of this animal? Here lye 
almost seem to have Darwin’s theory of pangenesis ; a®4» if 
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this theory he true, are not Laury’s ohjectiorfs well founded ? 
As far as man is concerned, it maybe difficult to give a positive 
answer either in the affirmative or the negative ; hut the experi- 
ments* 'vjfhich Mr. Gallon has made on rabbits, for the express 
purpose of testing Darwin’s theory, show that in these animals 
transfusion has no effect either on the animals themselves or on 
their progeny. ‘VVe may therefore, I think, safely conclude 
that the risk of injuring a man’s character, or that of his 
descendant?, by transfusion of an animal’s blood, is not for an 
instant to be weighed in the balance against tlie chance of 
saving his life in those cases where alone the operation would 
be performed. 
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Veeandebte wirkung zweter arzner 

MITTEl^ WENN SIE GLEICHZEITIG IN DEN 
ORGAN ISMUS EINGEFUHRT WERDEN. 

(From tlio CenfralhtaU der tnedicfinischen Wissenschaften, St>ptembi‘r 27, 

1873, p. (i80.) 

Die ansgo.zcichnoten Untersueliungen von Crum Brown urul 
Fraser haben dargethari, (lass eiii Alcaloid, wolches vor seiner 
Einfiibriing in don tliierischen Organismiis eiiio Verbindung 
init einoin anderen Kdrper eingegangcn ist, eine veriiiulerto 
Wirkung aussevfc. So weit mir bekannt, i.st bis jetzt von einer 
iibnliolioji Modiiication, hervorgebraclit durch dio veroiriigte 
Wirkung zweier Arzneimittel innerhalb flos Orgaiiismus, Nichts 
verbilentliclit wordcn. 

Ich habe eine soldie in letzterZoit an salpetrigsaurem Ainyl- 
oxyd nnd Stryohnin beobacbtet. Dieso 2 Arzneimittel bringeii, 
wenn sie gleidi/intig wirk(ni, Laliiming dcr niotoriselien Nerveu 
hervor. Das betreneiule Exiieriment wird in folgender Weise 
ansgefiilirt. Ein Frosch, in dessen lIuekeiilyinpliBack Strych- 
iiinlosung injieirt worden, wird, sobald Totaiins eingetreten, in 
ein init JjiiinplVui des sal^ietersauren Amyloxvtls get'iilltes 
Gefilss gel)raeht. In dasselbe CTefiiss wird ein gesiuider Fro.s(;k 
als Verglcichstliier eingefuhrt. Beide Fj'bsche verlileiben 
daselbsfc, bis sie bew'(:;gungsloa sind. ‘Wenn liicrauf der K v. 
ischiadiciis blosgelegt und gereizt wird, so trcten in dem nur 
durch salpetrigsaiires Amyloxyd vergiltcten Froselio lieftige 
ContractiouGii der Extreinitiit ein, wiilirend in deni anderen 
Frosche dies riicht der Fall ist, oligleicli seine Mnskcln auE 
directc Tleize sich contrabiron. Ein iihnliches Resul tat wird 
beobaditet, wenn vor der Vergiftiing mit Strychnin und salpe- 
tfigsaureui Amyloxyd die Circulation dor Flxtremitat durch eine, 
pberhalb des Kiiiegelenks angebrachto Ligatur, mit Ausscliluss 
des 2 ?y. ischiadicus, aufgeboben wird. 

Qbgleieh nach Paralyse deF motoriscdien if erven die Mpskd^^^ 
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ilire Eeizbafkeit beibalialten, so waren s o dennoch sehr rnsoh 
todteiistarr, sovvolil iiacli der gleiohzeitigen Aiiwen(hirjg beidor 
Arzneimittel, aLs aiich, weiin salpetrigsaurcs Amyloxyd alleiu 
angeweudet wiirde. ^‘alpetrigsaures Arnyloxyd sowio andei<^ 
salpotrigsauro Yorbindungeni sind deslialb als Muskelgifte Jiu 
betoiditcn. p].s ist iiieht leiclit zu eritschiudeii, wie viol von dor 
I’aralyso dor direoteu Wirkung au.f das Iviulo der niotorischoo 
Norvon nnd wie viol <ler Abimhine an Irriird/ditiit dor Miiskel- 
siibstanz ziizuscbreiben ist. Icli liolfe binnon Xnrzein in dor 
Lage zii scin, inoine Ex])oriinente iiber die AVirkiing desStrycli- 
niiis in Verl.andung mit andoron Kdrpcni sowio iiber die 
AVlrkmig dor sulpotrigsaureii A'erbindiingoii zu verdirentlichen. 



ON THE APPABENT PBODUCTION OF A 
NEW EFFECT BY THE JOINT ACTION OF 
DBUGS WITHIN THE ANIMAL OBGANISM. 

(From t\i(d Journal of Anatomy and Physioloyy, NoTembcr, 1873, rol. Tiii, 

tj. 91.) 

The admirable researches of Crum Brown and Fraser have 
demonstrated that the physiolo][»:ical action of several alkaloids 
may be completly altered by their union w^ith such bodies as 
iodide of methyl. The compounds thus produced sometimes 
act on organs which do not appear to be affected by either oi 
the components separately, the ends of the motor nerves for 
example being paralysed by iodide-of-methybstrychnia, though 
neither iodide of m’ethyl alone, nor strychnia alone, seems to 
have much influence over them. Although cliemical action 
outside the body alters in this way the action of alkaloids, I 
am not aware that any instance has been noticed in which a 
similar modification appears to be produced by the joint action 
of two drugs after their introduction into the animal organism. 
I have lately observed an example of this sort in the case ot 
strychnia and nitrite of amyl. The experiments wliicli I made 
on this subject were performed in several ways, but I will only 
describe the two most important. In the first series of experi- 
ments a solution of strychnia was injected into the dorsal 
lymph sac of a frog, and as soon as tetanus came on the 
animal was put into a vessel filled with the vapour of nitrite 
of amyl. A second healthy frog was also introduced along 
with it for the purpose of comparison. They were left in the 
vessel till both were motionless, when they were removed and 
the sciatic nerves of both were exposed. On irritating these 
nerves by the application of a Faradio current, vigorous con- 
taractions occurred in the limbs of the frog poisoned, by 
of ajiiyl alone, but those of the animal poisoned by /strychnia 
and nitrite of amyl together remained motionless*' The 
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was then removed from the legs of both and the muscles 
irritated by the application of the current directly to them. 
In many instances^ those of the frog poisoned by the nitrite and 
the strjM^hnia together contracted nearly as strongly and readily 
as those poisoned by the nitrite alone. It is therefore evident 
that their failure to contract when the nerves were stimulated 
must have been duo to paralysis of the nerves themselves, just 
ns it is in iDoisoning by woonira. The second series of experi- 
ments was made by ligaturing the artery supplying one leg of 
a frog before injecting strychnia into the lymph sac. The 
poison was thus carried by the blood to every port of the 
body except the leg whose artery had been tied. The animal 
was then placed in a vessel filled with the vapour of nitrite 
of amyl as before, and after motion liad ceased the sciatic 
nerves were exposed and irritated. It was then found that 
the muscles of the ligatured leg which had been exposed to 
the nitrite of amyl, but preserved from the strychnia, coii- 
traeted vigorously when, the corresx)onding sciatic was irritated, 
while those of the oilier leg did not respond at all. When the 
skin was stripped off, however, and the muscles irritated directly, 
in many instances no great difference could be noted between 
their irritability. 

The muscles of frogs which had been poisoned either with 
strychnia and nitrite of amyl, or with nitrite of amyl alone, 
passed more quickly than usual into a state of rigor mortis; 
and I therefore rt?gard nitrite of amyl as a muscular poison. 
It is nob improbable that the apparent paralysis of the motor 
nerves may bo partly due to diminution of the irritability of 
the muscle itself, but the results of diiecfc stimulation show 
that this is not sufficient to explain it entirely, and we must 
therefore believe that the nerves themselves are also paralysed. 
Besides nitrite of amyl, I have tried the nitrites of sodium, 
ethyl, butyl and capryl; but ray researches on these are not 
yet completed. They seem, however, to show that the nitrites 
are muscular poisons, but their actions differ accordinir to the 
bases^wlxich they contain. 



ON THE PATHOLOGY AND TREATMENT OF 
SHOCK AND SYNCOPE. 


(xVddr^ss read before the Abernethian Societj’, St. Bartholomew’s Hospital. 

Itepriuted from the Practitioner, voL xi, p. 2ItJ, Oct. 1873.) 

The assemblage of ];>heiiomciia which wc designate by the term 
‘'shock'* is so much more frequently met with in surgical than 
in medical practice that it may almost seem that in writing a 
paper on this subject 1 have left the proper domain of the 
physician, and trespassed on that which llie surgeon claims as 
his own. We shall hereafter see, however, that shock may 
occur in the course of diseases for which the physician alone is 
called into consultation, and it is intimately connected witli 
fainting or syncope, a condition which is usually treated of in 
medical rather than in surgical text-books. So closely, indeed, 
are syncope and shock connected that they were considered by 
the celebrated surgeon, Travers,^ to differ in degree rather than 
in kind, and we shall find it convenient to take a glance at the 
conditions which we find in syncope, before we proceed to 
•examine those of sliock. 

I shall divide this paper into three parts. First, the injuries 
or impressions on the nervous system ivhich occasion syncope 
♦and shock, and the symptoms which are observed in these con- 
ditions ; Secondly, the causes of each symptom ; and Thirdly, the 
remedies used and their mode of action. To put them shortly, 
these three heads are: 1. Th& symptoms and causes; 2. The 
pathology ; and Ik The treatment of shock and syncope. 

As I have already said, it will be convenient to consider the 
symptoms of syncope before those of shock. Having had little 
surgical experience myself, I shall quote very freely from the 
works of others ; and the first case I shall give is one taken, 
not from a scientific work, but from the pages o| ti 
religious periodical. I cannot even vouch for 

• TreatUe on ConHitutional Irritation, ‘ ^ 
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truth of the narrative, and yet I choose this case because we 
have records of numerous otlier ones which resemble it so much 
in one^or more particulars, that we can hardly doubt tlie sub- 
stantial 'accuracy of the description ; and owing to the peculiar^ 
circmnstances under whicli the events are said to have taken 
place, we find in this one instance all the phenomena which we 
would otherwise liave to seek for, >soinc in one case, some in 
another. 

During the reign of Charles or James the Second, one of the 
Scottisli Covenanters, named John Druce, concealed himself from 
llie dragoems who were in search <.>r Ihm at some little distance 
iVoin his cottage, and liis little daughter Alice was accustomed 
daily to visit him with a supply of jirovisions. One day, while 
on this errand, she was unliappily discove^xvl and seized by the 
dragoons, who at once guessed her purpose from the food she 
was carrying, and declared that unless she informed them of the 
place of her father’s concealment they would torture her with 
thurnb-screws. She refused, and the instruments were accord- 
iiigly applied. Scarcely, however, liad a few turns of the S(jre\v 
been made, Avheii lier face became deadly pale, and she fell back 
insensible. Tlie screw was at once undone, water from a neigh- 
boiiriug rivulet was dashed in her face, and after a deep sigh 
or two the paleness disappeared and consciousness returned. 
Again the dragoons demanded her secret, adding the threat that 
they would not let her off so easily this time. Again she 
refused, and the dragoons, irritated by her obstinacy, by a few 
rapid turns of tlie screw nearly crushed her thumbs between 
the jaws of the instrument. A second time tlie deadly pallor 
overspread her face, and nnconscionsness relieved her pain. 
This did not suit the purpose of the dragoons, and they again 
sought to restore lier as before. But this time all tlieir efforts 
were ui% vailing; the lieart had ceased to beat, and the poor 
cliild was dead. 


Here we have a typical instance, first of fainting, then of 
doa|h h^^^y^Qop following the infliction of intense pain alone, 

^ whatever to the vital organs. Sometimes 

|j^]^ur from an impression on the nervous system 
[iain being felt, as in a case recorded by Sir Astley 
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GbopeTin liis lectures on surgery.* “A healthy labourer be- 
longing to the India House was attempting to lift a heavy weight, 
when another labourer came up and said, ‘ Stand on one side ; 
Jet an abler man try.* At the same time he gave the former a 
slight blow on the region of the stomach, when the poor fellow 
immediately dropped down and expired. On examination of 
his body there was not any mark of violence discpvered.” 
This may be regarded as a typical instance of instant death 
from shock, but cases like it are comparatively rare. Usually 
the injury is succeeded by a period of depression of all the 
vital functiotis, and this may either end in death, pass into a 
state of excitement, or gradually disappear and give place at 
once to health without any intervening excitement. 

The symptoms ordinarily observed in shock are well illus- 
trated by a case which Professor Fischer has described in a 
clinical lecture on tliis subject-f From this I have made the 
following extracts : — “ The patient, a strong and perfectly 
healthy young man, was struck in the abdomen by the pole of 
a carriage drawn by runaway hor-ses. No serious injury was 
done to any of the internal organs, at least we have not been 
able after a careful examination to find any trace of one. 
Nevertheless, the grave symptoms and the alarming look which 
he still presents made their appearance immediately after the 
accident. He lies as we see perfectly quiet, and pays no atten- 
tion whatever to anything going on around him. His coun- 
tenance is sunk and peculiarly elongated, his forehead is wrinkled, 
»and his nostrils dilated. His weary, lustreless eyes are deeply 
sunk in their sockets, half-covered by his drooping eyelids, and 
surrounded, by broad, dark rings. The pupils are dilated, and re- 
act slowly to the light. He stares purposelessly and apathetically, 
straight before him. His skin and such parts of the mucous 
. membranes as are visible are pale as marble, and his h^uds and 
lips have a bluish tinge. Large drops of sweat hang on his 
forehead and eyebrows. His w’hole body feels cold to the hand, 
and a diminution in tempemture is readily detected by the 
therinometer, Which indicates a degree and a half 

• Ltdtrtt on, S»rgety,from notes by Tgrreil,\6l24i, vol. , 

f Volkmann’* AamW«»F No. 10. . ^ 
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and a degree centigrade in the rectura, below the normal. 
Sensibility is much blunted over the whole body, and only 
when % very painful impression is made on the patient does he 
fretfuUy^)ull a wry face and make a languid defensive movement. 
He does not move a single limb spontaneously, but after being^ 
repeatedly and urgently requested, he shows that ho can still 
execute limited and brief movements with his extremities. 
If the limbs are lifted and then let go, they immediately fall as 
if dead. The sphincters remain closed in our patient, at least 
passage of urine and fmces has not been noticed since he came 
into the hospital. When drawn off with the catheter, the urine 
is found to be scanty and dense, but free from any traces of 
sugar or albumen. The pulse is almost imperceptible, irregular, 
unequal, and very rapid. The arteiies are small, and the tension 
very low While the i)atient was being brought to the hospital 
the pulse became quite imperceptilile, and the cardiac sounds 
very irregular and intermittent. The patient is perfectly con- 
scious : he replies very .slowly and only when repeatedly and 
importunately questioned, but his answers are quite to the point. 
You heard how he gave the details of the accident reluctantly 
and imperfectly, hut in the main corret.tly Only w-hile he was 
being brought to the hospital did he refuse to answer at all. 
His voice is hoarse and weak, but his articulation is good. On 
being repeatedly questioned the patient complains of cold, 
faintness, formication and deadness of the extremities. When 
he shuts his eyes he becomes sick and giddy. His senses are 
perfectly acute. His respiration appears to be irregular, and 
abnormally long, deep and sighing inspirations alternate with 
very superticial ones, which are scarcely visible or audible. 
While being brought to the hospital he vomited several times, 
and nausea and hiccup still remain. Anyone who knew the 
patient, or had seen him shortly before the accident, could hardly 
recognise him now. His appearance, cold skin, and hoarse voice 
immediately recall the appearance of a cholera patient to the 
memory of the attentive observer ; the characteristic dejections 
.^re alone:,wanting to make the resemblance complete.” 

= Bufedii^S of shock do not always present these appearances. 
:lf we call the form just described the torpid one, we can readily 
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distihguisli front it another erethisraic form which Travers terms 
proknition with excitoinenV’* The countenances of patients 
suffering from it are distorted, and express a iginieless anxiety 
^and excruciating agony. They toss wildly about, groan and 
scream, and complain of a fearful oppression and want of breath, 
oppressive prcscntinients of death, and a feeling of total anni- 
hilation. No encouragement is of any use ; they laraetit and 
behave themselves like madmen. Tlie cou-sciousness *of these 
alceploss and restless patients is unclouded, but seems to bh 
completely engaged by the frightful anguish. On this account 
. they an.swer no questions, but only sigh tmd moan. They mur- 
mur to themselves, and pay no utteiition to what is going on 
around them. SucJi parts of the mucous membranes as are 
visible are pale, but the countenance, on the contrary, is slightly 
flushed, and the forehead hot; the eyes are sunk, but have a 
peculiar lustre, and the 2)iipi]s are contracted, d'lie skin of the 
extremities is generally cool and insensible, bub not to the same 
degree as in the torjud form of shock seen in the case of the 
patient already described. Occasionally no coldness is j)ercep- 
tible. Vomiting of quantities of mucus and painful retching are 
•constant and very obstinate symptoms of this form of shock. 
Bt|ruiDg thirst is present, and liquids are greedily swallowed, 
but no sooner are they down than they are again rejected. 
Every movement is made hastily and acconqjanied by a remark- 
able trembling. Occasionally all the limbs shiver as in a rigor, 
and tlic i)atieut has no grower to control the movement.' A 
wounded officer in this condition repeatedly requested me, says 
Professor Fischer, not to consider it as a sign that he was afraid. 
Convulsive movements, and fibrillary twitchings of the muscles, 
and esi)ecially of those in the face, are obsen'^able. The respira- 
tion is frequent and superficial, the pulse small, and cannot be 
counted. 

Both these forms of shock may occur independently, but 
there is a certain connection between them. Patients recovering 
from the torpid form may come gradually to present the siymj)- 
toms of the erethismie, and wax ver^, when the condition 
becomes worse, the torpid may be developed from the 
• Travers, ei#., p. 407. 
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eretiiisiiuc form. The latter is then to be regtircled sometimes^ 
ns an independent condition, and sometimes as a second stage* 
of the torpid form. 

Botlf forms of .shock sometimes terminate in death, while at 
other times, according to Mr. Travers,* instead of the continu-'^ 
aiice and fatal increase of tlic symptoms of prostration, they 
may gradnally give place to a partial and defective reaction, 
protracting life but scarcely improving the prospect of restora- 
tion, which remains doubtful for several days in succession;, 
or, on the contrary, an etUcient and healtiiy degree of reaction 
may be quickly estaldished consequent upon symptoms threat- 
ciiing tlie most unfavourable issue. “ Again and again,” he 
coutiiiiios, I have left the bedsides of patients brought into the- 
liospital pulseless, and apparently moribund witliout any exter- 
nal injury, having suffered falls or blows so soious as to huvO' 
induced the sympt(jms of prostnitioii to an alarming extent, 
and have found them on the succeeding day, to my great 
surprise, restored to the tone and tranquillity, comparatively 
speaking, of healtli. Ileaction has in tliese cases been spon- 
taneous, or ii(?.arly so, although gradual enough to occupy a 
period of many hours.” “Xow, liad such persons suffered 
topical injuries of a severe though reparable description, it 
is to my mind more than probable that reaction, would have 
failed altogetlicr ; but Iiad it, by favour of circumstances, been 
established, it is at least equally probable that it would have 
taken the foiiu of excitement. In otlu*r cases days have 
elapsed before a i)erfect reaction and complete relief liave been 
obtained.” 

Ilaviug said so much regarding the synq^toms of shock, lot 
us shortly run over its causes, 'riio ca.ses alieady related 
show us that it readily ibllows a blow on the al)domen, some- 
tiuies even when the blow is by no means severe. Injury to 
the gqnitals is another imi>ortaiit cause of shock. Hardly 
anyone finishes his scliool days witliout receiving a blow on 
the testicles, either at cricket or during tlie struggles at foot- 
ball, and ever afterwards he bears vividly in mind tlie dreadful 
depression;^ Aveakuess and sickness which instantly overpowered 
* Travers, cit.^ p. 409. 
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Jiim; The sawe thing takes i^ldce in operation?, and 'iVIr. 
Tirichsen* has ohsevved that at the moment of division of the 
epennatic cord in castration the pulse sinks, even though 
the patient has liecn fully anaesthetised. Still inoie strilg'ng are 
'the effects occasionally observed on the passage of a^ catlicter 
or IxMigie. They are tlius described by Sir Astloy Cooper :t “ A 
pei'sen lias a bougie passed into his urethra for the first time ; 
tlie urethra is irritated by it; he says, I feel faint,’ ^becomes 
sick, looks pale, and, without care, he drops at your feet. His 
pulse has nearly ceased, and Jiis body is covered with a cold 
perspiration. You place liim on a sofa with his head a little 
lower tlian his body, and as soon as the blood freely enters the 
brain -all his functions are restored. Thus, ny itritating the 
urethra the stomach is influenced, the actions of the head and 
heart are suspiendcd. and the powers of the mind vanisli.” 

Injuries to bones have a peculiar power to induce shock. 
It is, perhaps, more frequently observed as a consequence of 
the crushing of bones in railway accidents than of any other 
oause whatever. It may be said that in such cases all the 
textures of the limb, skin, fascia, muscles, vessels and nerves arc 
injured as inmdi as the bones , but two cases of Pirogf)ffs$ sooni 
tp show that it is to injury of the latter rather than of the 
former structures that the efiect is to be attributed. 

In two amputations of the thigh wliich lie performed, before 
the introduction of chloroform, death occurred on the operating 
table. One case was for severe traumatic injury, the other for 
'Chronic disease of the knee-joint, which had greatly wealamed 
the patient. In both cases the pain and loss of blood during 
the operation were only a little greater than usual, yet in both, 
immediately after the bone had been sawn through, the face 
became pale, the eyes staring, the pupils dilated, a peculiar 
rigidity of the body occurred and death immediately took place. 

Extensive burns frequently cause shock in a marked degree, 
and such, says Mr. Travers,§ is the effect of the transiettb bodily 

* Soienee and Art of Surgert/,i^eA\t.,'p.^. 
t iec<«M*e» o»* «o<e» ^ 1824, toL i, p. 

i Q.ucW by .Fischer, 6j». cf A, p. 10. . 
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pain ex^xirienced in the cxtji'ftction of a tooMi, or tlic extirpa- 
tion of a \vart or corn, as in some persons to produce syncope, 
rctcluiig, or convulsions. Nor must the effect of mental 
emotii^n be left out of account, as this is sometimes sulFiciont 

a ‘ 

of itself to cause death witliout any iniuiy to the body whaif’ 
ever. Many years ago the Janitor of King’s College, Aberdeen, 
had rendered himself in some way obnoxious to the students, 
and they determined to punish him. They accordingly pro- 
jKared a block and a.\e, whicli they co:u eyed to a lonely place, 
and having dressed themselves in black, some of tliem prepared 
to act as judges, and sent others of tboir company to bring him 
before them. When he saw the preparations which had been 
made he at first affected to treat the whole thing as 'a Joke, 
btit was solemnly assured by the students that they meant it 
in real earnest. They proceeded to tiy' him, found him guilty, 
and told him to jtrepai'e for iunnediate death, for they were 
going to behead hi?u llien and tlierc. The trembling janitor 
looked all round in the vtdu hope of seeing some indication 
that uotliing was really meant, but stern looks everywhere 
met him, and one of the students proceeded to blindfold him. 
The poor man was made to kneel before tlie block, the execu-s 
tioner’s axe was raised, but instead of tlie shai-p edge a wet 
towel was biought smartly down on the back of the culprit’s 
neck. This was all the students meant to do, and thinking that 
they had now frightened the Janitor sufficiently, they undid the 
bandage whicli covered his eyes. To their astonishment and 
horror they found that he was dead. 

Another ctise is related by Mr. Travers,* who saw a man 
suffering from strangulated hernia expire suddenly on the table 
during the steps preliminary to the operation which, from the 
state of the symptoms and of the bowel as ascertained by 
examination after death, might he said to affoid the fairest 
pro-spect of relief. 

The cases of shock of which we have so far spoken are 
perhaps more likely to come under the notice of the surgeon 
than of the physician. The state of shock, or collapse as it is 
more frequently called in medical practice, occurs when the 

• I'ratew, ty. «#., i». 23. 
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abtloiniiml viscefu aye iiljuted from within, just ns when they 

receive a blow frgm without. Tims the intense iiTitation which 
corrosive poisons, such as sulphuric ami other mineral acids, 
or large doses of arsenic, occasion iii tlie stomacli, ])ro^hrees, in 
^iddition to local pain, coldness and pallor of the surfaces, 
sighing respiration and weak or iniperceptiblo pulse. The 
same tiling occurs wlien perioration takes place in the sumiadi 
or'^testines, and their contents escape into the p^^’ifoneal 
cavity. The occurrence of shock after parturition, especially in 
:0nses of twins, is probrd)ly partly due to nervous inlluemio and 
'^liurtly to the removal of pressure from the abdominal vessels 
by the loss of such a large portion of the abdominal contents, 
which “must almost unavoidably occasion more or less relaxa- 
tion of the vessels. 

To recapitulate shortly what we have said under this head, 
the sympfoniH of shock are: pallor and coldness of the skin, 
weak pulse, oppressed and sigiiiiig respiration, dilated pupils 
and sickness. 

The cames of slioek are: painful iinprcssioiis — more espe- 
cially extensive burns — injuries to bones, and, above all, injuries 
to tlio abdominal viscera and gmiitals. 

We have now to consider our second head, viz. : The pidhohyy 
of shock; or, ihe causes of each syrnplom.; I ouglit properly to 
take up every one and trace it back to its cause, but I Ksliall 
not attempt to do tliis, because it would occupy too mucli time, 
and I am liot sure I could at jiresent succeed in the attempt 

shall, therefore, t^e content to glance at a few of the principal 
symptoms only. 

And first: — Why slmuld the pulse be small and weak and 
the tension in tlie artery low, so that a slight pressure with the 
•finger is suflicient to compress its walls and completely arrest 
its pulsations ? The smallness of the pulse wa^s'e under such 
conditions at once informs us that only a little blood is; scut 
into the arteries at each contraction of the heart This hlay be 
owing to the heart acting so feebly and imperfectly tbat it ofily 
semis out a small portion of the blood with whidi, its 

that it is doing its duty perfeci^ly 
fias iio blood to send out, It would bo very hard 
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of 'these tXVQ causes is the true ()!% or Ayh^lier they do not 
both sliaftf in the production of shock, if we had not experi- 
ments on the lower animals to give us soihS clue to the true 
♦^olutioii. Several years ago Professor Goltz, now of Strassburg, 
found flmt on striking the abdomen of a frog several timtft 
the heart stoj>ped altogether.^ After a short pause it again 
went on, but instead of becoming completelj^ full during each 
diastolji, and sending a large volume of blood into the art^ies 
at each systole, it remained pale ami empty; no blood at all, 
or hardly any, flowed into it during the diastole, and conse- 
quently it could not send any into the vessels when it diil 
contract, and it might just as well have remained motionless. 
On looking for the blood that ouglit to have been sufqAying 
the heart, he found that it was stagnating in the vessels of the 
abdomen, and especially in the veins. The intestinal vessels 
are so capacious tliat when they are fully dilated they can 
Iiold all the blood in tlie body. “N'ormally, however, they are 
kept in a state of ]»artial contraction by the influence of the 
'»/aso-motor nerves wln’ch supply them. It used to be supposed 
tliat these nerves only went to the arteries, and that those alone 
were capable of contraction and relaxation, but GoUz found 
that the veins also were supplied by vaso-motor nerves, ami 
that they too could contract and dilate, though to a less extent 
than the arteries. Whenever the power of the vaso-motor 
nerves was destroyed, both arteries and veins dilated and held 
so mucli blood that there was not sufficient left to keep up the 
circulation in the rest of the body. If the frog was held in tlip 
upright position no blood at all reached the lieart, but if it was 
laid horizontally a little blood trickled into tlie lieart, and the 
circidation was thus kept up, though very wealdy. 

Here, then, we liave in the frog the same eflects produced by 
a blow on the abdomen as in the case of the young man who 
WMS struck by the carriage pole, 'with this difference, that in the 
mail we could only feel the weakness of the pulse, while in the 
frog we can see why it is weak. Professor Msclier says that 
the best shortest definition of shock 'which has yet been 
Mr, Savory : — Shock is the i^aralysing 
V xxvij 1863, p. 11, and vol. xxix, 1864, p. 304. 
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ence of a sudden* and violent injury to neryes over the aeti:Wty 
of the heart.” The experiments of Goltz show that this defini- 
tion is perl'ectly correct, but you must not forget that there are 
the two factors in shock as seen in the frog. First, the steppage 

Flo. 152. — Diagram to illustrate the Elfecis of the Horizontal and Vertical 
Positions on the Circulation of the Frog in Shock. 



a. Normal circulation in the upright position, h. Circulation after dilatation of 
the Yoins has been produced by a blow on the intestines. The blood does 
not rt^ach the lieart, and it beats einj;)ty, so that the circulation stops- 
c shows tlie cinnilatioii in a horizontal position after tlic veins have bpO) 
dilated) as in h. The reins are still dilated, but the blood reaclios iho Jieart> 
and the circulation is carried on. Fig. d is pcL'liaps too diagrammatic, as i : 
appears to show an empty space in the veins. In reality the veins, being 
very thin-walled, cplla[>se. Fig. b is open to tlic same objection, but if we 
supjwse ourselves to be looking at the vein from the front instead of in 
section, b represents almost exactly what 1 liave scon myself in repeating 
Goltz’s experiment. This diagram was not in the original paper, but is 
taken from my Text^Book of Fharmacolo^f/y ko, 

of the heart ; and second, dilatation of the vessels. These are 
quite distinct, mid I have freiiucntly ohserved that blows of 
moderate severity vsill frodme in some frogs stoppage of the heart 
vnthoiit dilatation of the vessels, in others vascular dilatation 
Aoithout arrest of the cardiac pulsations, although severe blows 
gemraUg produce both.* 

The pallor of the surface and the coldness of the skin are the 
next symptoms which engage our attention, and what we have 
just learned regarding the circulation will render their explana- 
tion easy. The rosy flush of health is due simply to tlie red 
colour of the blood shining through the skin as it courses 
through tlie capillaries, and wlienever the circulation is stopped, 
either by the vessels contracting as after exposure to cold, or by 
the blood stagnating in the abdomen as in shock, pallor over- 
spreads the surface. The warmth of the external parts of the 
bhdy is diie to the warm blood from the interior, which 
* Ecsults of a of uupubli&hed oxperiment3.*--:'Ii I<. 3?/ 
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them iu the same way that rooms are warihod by hot-water 
])ipes, and whenever the circulation ceases there is nothing 
to prevent the surface of the body being cooled down to the 
temperature of the surroiinding medium, and such, in fact, does 
take place. The lividity or blueness wliicli is occasioTialiy 
observed is duo to tlie blood in the capillaries bcconiing dark 
raid venous as it Hows sluggishly through them, or even stag- 
nates iK them altogether when the circulation is very weak. I 
sluill at present say notliing about the respiration or sickness, 
but pass on to consider the insensibility which we find in 
syncope though not iu shock, and which distinguishes the 
{brmer from the latter. 

Tlie funotioMS of the brain, on whose failure insensibility 
depends, require for their jierforinance a constant supply of 
blood, and when this is cut off they at once cease. A year or 
two ago Dr. Walhir proposed to produce temporary anrestlicsia 
for sliort operations by compressing both carotids, or, iu fact, 
garotting tlic patient ; and I have been informed by iny friend 
Mr. Image, of lJury St. Edmunds, tha4J in Baron Larrey’s 
llopitaldu gros Caillou, in Baris, it was the usual custom, before 
the introduction of cliloroform, to lay a patient on his l)ack and 
tlien to lift him up very suddenly to the standing posture, when- 
ever they wished to induce fainting for the purpose of relaxing 
muscles in cases of dislocation. The vessels of the patient were 
carrying on the circulation all riglit while he was in the hori- 
>:oiit;al position, but they had not time to adapt tliernselves to 
the altered conditions when the man was placed upright, and so 
the blood rail to the depending parts of the body, and the brain 
was left without it. 

But wliy should a fainting fit, which, apparently, is more 
severe tliaii shod:, inasmuch as the brain also has ceased to act, 
and the patient is thus rendered more deathlike, be quickly 
recovered from, while shock lasts for many hours ? This is a 
question difiuuilt to answ^er, inasmuch as the necessary data fail, 
and we are forced to fall back on hypothesis. In attempting to 
answer it we must remember that it is not really the heart’a 
action which keeps up the circulation directly. It is the 
pres.sure of the blood inside the arteries forcing it on through 
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them, aiid, cs Goftz’s experiment shows, the heart may be pul- 
.sating and yet the circulation he at a standstill. Now, the 
arterial tension may he ]e.ssened (1) by the heart stopping, or 
1^2) sending little blood into the arteries at eacli heat, oj,* (^) by 
the arterioles dilating so as to lot the blood easily out from the 
arteries into the veins, where it may stagnate and be useless. 
Another point we must remember is that it is the circulation in 
the liraiu which is the important factor in ]iroilucing*insen- 
•sihility. In the patient who was suddenly lilted on his feet the 
circulation in the rest of the body was going oii perfectly well ; 
it only failed in the brain. 

Now, it is very easy to bring down the hloo<l-]iressnre very 
much b5’ stopping the heart fur a few instants, and it may take 
a little while before it rises to its normal condition. A second 
way is to dilate the arterioles, arid if the arterioles he dilated at 
the same time that the lieart is stopped, the pressure will fall 
with great rajiidity, and, when the heart again begins to lieat, it 
will take a much longer time to raise the pressure suOieicntly to 
carry on the circulation than it w'onld otherwise do. Now, 
when a painful impression is made on a sensory nerve, it is not 
unfrequently carried up to the medulla oblongata, wliere it is 
transfeired to the vagus nerve, which, as you know, lias the 
, power of stopping the heart, and by setting this nerve into 
action arrests the cardiac pulsations. If the artcriules should 
hajjpen to be dilated, as they almost always are in a warm 
room, the pressure of blood in the arteries immediately sinks, 
the brain getting an insutlicient supply ceases to act, and the 
patient falls down unconscious. The very fact of the head being 
lowered induces more blood to jiass to it, and the normal con- 
dition is at once in many cases restored. 

The condition of the vessels in fainting has not been ascer- 
tained, and the only observation hearing on the subject that I 
can find is one by John Hunter.* While engaged in bleeding 
a lady she fainted, and during tlie continuance of the faint he 
observed that the blood which flowed from the vein, instead of 
being dark and venous, was of a bright scarlet colour, like that 
of at tf vial blood. Now, the only condition in which we know 
• ^ JUTao/er, edited by Pftlmep, 1937, Tol. iii, p. 91. 
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this to take place is when the arterioles are gVeatly dilated, and 
tlie blood tlows so quickly through them that there is no time 
for it to be depi*ived of oxygen during its passage. This is soon 
in the* submaxillary gland during irritation of the ehorda 
tyiiipani nerve, and it was observed by Meyer,* tlie celeliiated pro* 
pounder of the doctrine of conservation of energy, in persons 
wlioiu lie l)lo(l ill tlie tropics, and who had tlieir vessels dilated 
ill cohlequenceor the heat ; and it was also noticed by Crawfordf 
in animals bled duriiig immersion in a warm bath. It would 
therefore seem that in fainting tlie vessels of the external parts 
of the body are occasionally, at least, widely dihited, ami this 
ex])lains the fr('<|nency witli which persons faint iti wai*m rooms 
and crowded churches, I am inclined tlieii to suppose, that in 
fainting tlua e is dilatation of the vessels in externa/ parts of 
the body, although the data on which 1 found my oj»iiiion are 
too ini])erfcct to allow of my speaking very positively on the 
subj’ect. IF you examine the veins on the back of your hand 
in a crowded assembly, such as people often hunt in, you will 
probaldy lind them very full, indicating that blood is flowing 
rapitll}' into them from the arteries, and that their colour 
is of a lighter blue than usual, showing tliat the blood 
they contain is lighter coloured or less venous tlian usual. 
This indicates tliat the cutaneous arterioles are dilated, and 
this dilatation has doubtless a great deal to do in many 

* R. Movnr, Die orqanUche Bewetfung in ihrem Zumminenhang mit dem 
1815, p. 81. Meyer’s expl-.i nation oE the oceHsunuil risl colour of 
venous blooil is (lilu*ient from the one I have given above, \Vc holii sigroe that 
tlie sliglitiiess of the alteriition it lias undergone in its pussage from the arteries 
into tlie veins is due to the fact that but little oxygen bus been taken from it by 
the tisMics as it (lowed through the capillaries. Meyer considers that the tissues 
acht))l themselves 1o the wants of (he boily, and take little oxygen from the blood 
when the external air is warm. The oxidation wliieh usually goes on within the 
body is thus diminished, the production of the licat lessened, and the lenipera- 
tiiro of the animal prevented from rising too high. This hypothesis, though very 
plausible, is rendered improbable by the ex)>crin!ents of Uernanl {lleime 
Snenlijique^ 1871- 72, pp. l."3 and 1S2), which show that the tissues of animala 
winch have been exposed to a high temperature absorb oxygen (after death at 
least) inn ch more quickly than usual. I therefore attribute the (lurid colour of 
the blood to dilatation of (ho arteries and cnpilluries, allowing it to (low so 
quickly through them that the tissues have not time to abstiact much oxygen 
however great their avidity for it may be. 

t Crawford, Experiments and Observations on Animal lleat^ 1788, p, 308. 
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instances with thS reduction of the blood-pressure and the in- 
duction of syncope. As the skin is usually pallid during the 
fainting fit itsedf, we can hardly suppose that the blood is 
then flowing very rapidly through the cutaneous .vessels. 

the hypothesis I have just advanced be correct, we are 
driven to the conclusion that it is the blood-vessels of the 
muscles which undergo dilatation during syncope. This idea 
likewise receives conlimiation from the observation in%de by 
Thackrah,* that it is in muscular men that venous blood most 
frequently presents a florid colour. Such of you as have seen a 
living muscle cut across, however, know that w'hen it is at rest 
very little blood indeed flow's from the divided ends of the 
vessels which permeate its substance, and j'ou may be inclined 
to doubt the possibility of these vessels ever being able to dilate 
so much as to drain, as it were, the blood from the arteries into 
the veins and produce syncope. That they can dilate and drain 
the blood out of the arteries very quicklj' has l)ceu shown by 
Lndwig and Hafiz, f w’ho found that when the vessels of the 
intestines and skin were made to contract, the blood w'hich 
could no longer flow through them pourerl through the vessels 
of the muscles, and, notwithstanding the fact that these vessels 
W'ere at that very time excited to contraction by irritation of 
their vaso-inotor nerves, the blood flowed from the arteries into 
the veins, and the pressure in the ai’teries sank nearly as quickly 
as when the cutaneous and intestinal vessels were patent. If 
such Ihj the eflect of the muscular arteries on the blood-pressure 
when they are trying to contract, what must it be when the}' are 
^ ready to dilate ? Dilatation of the vessels alone may sometimes 
.be si^cient of itself to lower the blood-pressure to such an 
< ^tent that fainting occurs ; hut at other times this is comhineti 
with the depressing effect of sudden stoppage of the heart. In 
shock there is great dilatation of the vessels in the interior of 
the body, especially of the veins of the intestine. If this state 
should be associated with sudden stoppage of the heart, instant 
death will occur, as in the case of the labourer in the India 
Docks. In short, then, I consider syncope to depend chiefly on 

• Tlwickrah, t» the Nature and J?ro»erliee of the Blood, p. 85. 

; ■ ; . f 1871, p. 107. 
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dilatation of the arterioles, especially of those*near the surface, 
though in cases like that of Alice Bruce it may be due entirely 
to stoppage of the heart; while the chief factor in shock is dila- 
tation <>f the abdominal veins. The longer duration of shock 
than of syncope is probably due to the veins recovering their 
contractility more slowly than the arterioles. 

Ha'^ng thus formed some sort of idea regarding the pathology 
of syncope and shock, we come to our third head, viz., the ques- 
tion of treatment. In syncope, our first idea is to restore the 
circulation to the brain, and this we do by laying the head 
level with the body, or perhaps, still better, as recommended 
by Sir Astley Cooper, on a level somewhat lower than that of 
the body. 

The ne.xt thing is to raise the blood-pressure. Now, this is 
most easily done by causing the arterioles to contract. We 
therefore hniTy a person who has fainted from the warm room 
to the cold air, and dash cold water on the face, in order to 
cause contraction of the vessels on the surface of the body. 
We also give draughts of cold water to cause contraction of 
those of the stomach. Besides this we apply ammonia or aro- 
matic vinegar, which is strong acetic acid, to the nose. Why do 
we do this ? Many of you know that when ammonia is applied 
to the nose of a rabliit it causes the heart to stop instantaneously, 
and one would therefore think that to hold it before a fainting 
person’s nose was to do the very worst possible thing. But we 
all know that this is not the case. Some time ago a member 
of this Society asked me this question, and I could at that time 
give him no satisfactory answer. I lia\'e since made some ex- 
periments on the subject, and I find (what has indeed been aj^ready 
noticed by Kratschmer*) that wlien ammonia or strong Scetic 
acid is held before the rabbit’s nose, it causes contraction of the 
arterioles. Consequently it prevents the blood-pressure from 
falling quickly, even should the heart become feeble or stop, 
and is thus useful in preventing syncope. When the blood- 
pressure has already become lowered by the occurrence of syncope, 
contraction of the arterioles causes it to rise, and it is by causing 
this that acetic acid or ammonia are useful as restoratives. 

• Wiener S»7*. 1870, Abt. II, Tol. Mi, p. 24. 
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In shock we hhve two conditions to remove. The firet (rf 
these is tho feebleness of the heai't itself, which is due to the 
action of the vagus. To counlei’nct this we apply stinn^ants, 
Now, one of the most powerful stimulants to the heart »is heat, 
ft is true that it dilates the vessels, but in shock wo luavo nothing 
to fear from dilatation of the vessels near the surface of the body, 
where circulation is hardly going on at all, nor is it likely that 
it will increase the dilatation of those in the inteiiofi We 
therefore pursue a plan of treatment directly tho opposite of 
that which we employ in fainting, and apply warmth instead of 
cold to the surface, especially to the cardiac region, over which 
a hot poultice or india-rubber bottle filled witli hot water should 
be placed. At the same time, and for a similar purpose, we give 
brandy and etlier internally. The second and most important 
indication for treatment is to cause contraction of the great 
vessels, especially the veins in the abdominal and thoracic cavi- 
ties, so that tho blood, instead of stagnating uselessly in them, 
may be sent onwards to the heart, and thence to tho rest of tho 
body. 1 liave already described the effect of acetic acid and 
ammonia held before the nose, but this is only one example of 
the general i-ule that all powerful impressions on sensory nerves 
cause contraction of the blood-vessels. Painful impressions 
made upon the skin, for example, have this effect, and Cloltz has 
shown that pinching the toes of a frog, or irritating them by 
acetic acid, prevents the vessels from dilating w hen tlie abdomen 
is stnick, or causes them to contract and propel the bkxxl to the 
heart if dilatation has already taken place. If I may judge 
from my own experience, i)ers(jns not uulVequently take uncon- 
scious advantage of this effect of pain, and medical students 
occasionally prevent themselves from fainting, when witnessing 
an operation, by biting their lips or pinching their fingers. Its 
beneficial action in shock is very great, and my friend Dr. Fayrer 
informs me that he has succeeded in recovering a psitient from 
a stale of collapse by thrashing his feet and the calves of his 
legs with switches after other means had failed. Mustard plas- 
ters are often applied for a similar purpose. Sometime the 
peiforniance of an operation during shock is attended by a 
; temked improveuient in the patient’s ooaditiou, and it sheras to; 
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me not improbable that tliis is due to the stimnbis thus given 
to the vaso-motor nerves. At other times, however, the athli- 
tiorialjlnjury seems to produce an injurious efiect eithej on the 
heart or A-essels, and the ])atient succumbs. It is possilTlo that tht^ 
different eflbcts of opera tions performed during sliock may depend 
to some extent on the gveabu’ or less amount of irritation which 
is occasioned to the nei ves of hones as compared with those of 
the soft^mrts; for, as we have already mentioned, injuries to bones 
tend to cause syncope, wliile irritation of otlier nerves, unless it 
be excessive, tends to prevent it by raising the blood-pvessure. 
This, however, is a question wliich pertains more especially to 
surgeons, and witli them I will leave it. I must not conclude 
without mentioning another valuable remedy in cases of shock, 
viz., digitalis. It lias, I tliink, been conclusively proved by Dr. 
Adolf I:>. Meyer and myself,* tliat tliis drug possesses the power 
of contracting the artei'i<jh,\s, and I have shownt that it greatly 
strengthens the juilsations of the heart. We wouhl therefore 
expect it to prov (3 uscrul in sliock, and experience iloes not dis- 
ap]>oint our anticipations. This is \vcll shown by a casii of shock 
following parturition, in which it was employed by Dr. WilksJ 
some years ago. My attention was drawn to this by iny friend 
Dr. Milner Fothergill, andl quote the following tVom his admir- 
able essay on digilalis.§ “ The patient was apparently in aTtieulo 
mortis) her limbs were cold, her body in a state of deathly 
clammy sweat ; tlie fMC(5 u'as livid, no pulse could be felt at 
the wrist, and a mere fluttering was heard when the ear was 
placed over the region of the heart. Draridy and ether had 
been tried without any good effect, and as dissolution was 
imminent, it was determined to try digitalis. HalMracliin 
doses were given every hour; after four doses a reaction 
took place, and after seven doses complete recovery occurred.” 
Such a case as tliis needs no comment, and a consideration 
of the encouraging results here obtained can hurdly fail to 
gain for digitalis a much more extensive a[iplieation in cases of 
shock than it has hitherto received. 

• Journal of Anatomy and Physiology ^ Nov., 1872, p. 134, vide aniea^ p. 151. 

\ On Digital^, London, 1808, p. 29, ridn aniea^ p. 52, 

t Medical Times and Gazette^ Jan. Ifi, 

§ Digitalis : Us Mode of Action and its Use^ London, 1871, p. C3. 



DIURETISCHE WIRKUNG DER DIGITALIS 

In Verbindung mifc H. POWER, M.B. ^ 

(From the CentrMlatt dtr medicinucheu Wittentchaften, Jvlj 4, 1874, 

p. 407.) 

Max Hermann und Ludwig haben gezeigt, dass die Geschwin- 
digkeii** der Harnabsonderung von dem Unterschied dcs Blut- 
druckes in den Niereiiglomerulis und dem Druck des Harnes 
in den Harricanalchen abhangt. 

Gegenwarfcig nimmfc man allgemein an, dass die diuretische 
Wirkung dor Digitalis nicht von einer specifisch diuretischen 
Wirkiing dieses Arzneimittels, sondern ausschliesslich von 
seiner Fahigkeit, den Blutdruck im arteriellen Gofasssystein zu 
steigern, bedingt ist. 

Die Eesultate von Experimenten, die wir vor uugefiihr eincm 
Jahre angestellt haben, be\veisen, dass dies nicht der Fall ist. 

Nach Injection einer bedeutenden Dosis von Digitalin in die 
Venen eines catheterisirten Hundes fanden wir die Ilarnsecre- 
tioii bedeiitend vermindert und selbst vollkoinmen schwinden, 
wahrcnd gleichzeitig der Blutdruck ziiweilen bedeutend gestei- 
gert war. Nach einiger Zeit fiel der Blutdruck wieder und in 
’einigen Experimenten trat die Harnsecretion gerade wieder ein, 
als der Blutdruck zu sinken begann, wahrend in anderen Fallen 
diesclbe nicht vor dem Sinken des Blutd rucks unter die Norm 
auftrat. In einigen Experimenten war die Geschwindigkeit, 
mit der der Harn abfloss, geringer, in anderen floss er sehr 
reichlich, obgleich der Blutdruck bedeutend uuter die Norm 
gesuiiken war. Wiirde Digitalis seine diuretische Wirkung 
eiiizig und allein der Fahigkeit, eine Steigerung des Blutdruckes 
zu bewirken, verdanken, dann hatte das Fliessen des Harnes 
bedeutend vermehrt sein mtissen unmittelbar nach der Inj^tion 
lind hatte wieder abnehmen mtissen, so wie der Blutdruck fiel. 
Sfcatt dessen fanden wir die Secretion am geringsten wahrond 
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des hochaton Standes des Blutdruckes, selir reichlicli hingegen, 
als der Bliitdrnck uiifcer die Norm gesunken war. Zur ErkUi- 
riing jjjieser Erscheinungcn sind wir geneigt, aiiziinehri^en, dass 
Digitalis^ oirie erregende Wirkung aiif das vasoifiotorisch^ 
Nervensystom im Allgemciuen und anf die va-somotorische 
Nerveii der Niere im Besonderen auslibt. Gleichzeifcig miissen 
wir annehmcn, dass es eine massige Contraction der Gefasse des 
Korpericreislaufes und eine Steigerung des lilutdruckes in 
denselben, so wie eine libermassige Contraction der Nieren- 
arterien bedingt, deron nachste Folge ebeii das Aiiflidren des 
Fliessens des Harnes ist. So wie die excitirende Wirkung anf 
das vasomotorische Nervensystem naebUisst und voriib^ergehfc, 
erschlaften die Gefiisse der Niere schnoller und bedontender als 
die librigen Gefiisse, so dass der Blutdruck in den Nierenglome- 
rulis noch ilber die Norm gesteigert ist, obgleich die Spannung 
dor Gefiisse im Allgemeineu uiiterlialb der Norm ist. 

Untorstiitzt wird diosc Annnhme nocU dundi die Thatsache, 
dass der nacli dem Wiedoreiutreteu der Secretion gesammelte 
Harii Eiweiss enthiclt, gerade wie Hermann naeh mechanisclier 
Absperrung des Kreislaufes in den Nierenarterimi gofunden. 
Wir wollon die Mbglichkeit, dass das Variiren der Secretion 
theilweise auch von der directen Eiii wirkung des Arzneimittels 
auf die seceriiirendeii Elemente der Niere abhiingen inag, nicht 
(ibersehen; wir sind gegenwiirtig mit diesbeziiglichen Experi- 
menten beseluiftigt, die wir nach dereii Abscliliiss verolfent* 
lichen werdeii. 



ON THE DIURETIC ACTION OF DIGITALIS. 

In conjunction with IIENliY TO WEE, M.B., F.PgC.S. 

(Reprinted from the Froceedings of the Itogal Society ^ ISTo. 1874.) 

It lias been shown, by ]\rax IleriTuann and Ludwig]:, tluit the 
rapidity of the nvinary secretion de}>ends on the dilVereiice in 
pressure between tlio blood in the renal glomeruli and the urine 
in the urinary tnhnies. 

At present, it is generally assumed that the diuretic ardion of 
Digitalis is not caused by any .specific inlluenco of the drug 
upon the kidney, but is due exclusively to its power of increasing 
the blood-i.)ressure in the arterial system. 

The results of some experiments made by us nearly a year 
ago show that this is not the fact. On injecting a coiisideralile 
dose of digitalin (1 — 2 centigrammes) into the veins of an 
etherized dog, we have observed that the .secretion of urine was 
either greatly diminished or ceased altogether, while the blood- 
pressure rose, occasionally to a con.sidorable extent. After some 
time tlie blood-pressure again fell; and in some of the experi- 
ments the secretion of urine recommenced at the instant tlie 
fall began. In other instances it did not recommence till the 
blood-pressure had sunk bedow the normal. Occasionally the 
secretion did not flow wdtli its original rapidity, but in others it 
was poured forth copiously, even although the blood-prc.s.sui<i 
had sunk considerably below the normal. 

If Ditjitdlis acted as a diuretic only by raising tlie blood- 
pressure, the flow of urine should have been greatly incix^ascd 
immediately after the injection, and should have diminislicd 
with the fall of arterial tension. Instead of this the seeretiou 
was least when the blood-pressure was higliest, and most copious 
when the; tension had fallen below the normal. 

The explanation would offer of these phenomena is, that 
Digitalis ^vohMy stimulates the vaso-niotor nerves generally^ 
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l)iit affects those of the kidney more powerfuHy than those of 
other parts of the body. Tims, it causes a moderate contraction 
of the systemic vessels, and raises the blood-pressure in them, 
but, at^tlip same time, produces excessive contractie-ir of the 
renal vessels, so as to stop the circulation in the kidneys and 
arrest the secretion of urine. 

As the action of the drug on the systemic vessels passes off, 
they rela?:, and the blood-pressure falls ; but the renal arteries 
probably dilate more quickly and to a greater extent than the 
others. The pressure of blood in the glomeruli may tlms be 
increased aljove that normally present in them, although the 
tension in the arterial sj^stem generally may have fallen below 
tlK3 normal. 

Additional evidence in favour of this exiilamation is afforded 
hy the fact that the urine collected after the re-establishment 
of .secretion contains albumen, just as IleiTmann found it to do 
after mecliaiiical arrest of the circulation through the renal 
arteries. 

AVe do not overlook the possibility that tlie alteration in 
soeretiou may be j)artly due to tlie direct action of tlie drug on 
ilu‘, .secueting elements of tlie kidneys, and we are still engaged 
in experiuients on this subject. 



V c:^BES OF EXOPHTHALMIC GOlT^E. 

(Bepriutetl from St. Bartholomew's Hospital Reports, toL x, 1875.) 

This disease is characterised by three prominent aj^ptoms— - 
viz., palpitation of the heart, enlargement of the thyroid gland, 
and protrusion of the eyeballs. It was first observed by Parry, 
and described by him in a paper on “Enlargement of the 
Thyroid Gland in connection with Enlargeroent and Palpitation 
of thd Heart," published in 1825, PaiTy’s work, however, seems 
to have been little known, and the disease was again noticed by 
Graves of Dublin, and described by him under the title of 
'‘Newly observed Affoctiou of the Thyroid Gland in reinales," 
in his Systmn of Clinical Medicine, published in 1843. The 
attention of the profession having been attracted to the dLsease 
by Dr. Graves, it is generally called Graves’ disease in tliis 
country, and “maladie de Graves” by Trousseau in Eranco. 
Both Parry and Graves observed the protrusion of the eyeballs, 
as well as the other symptoms, but they seem to have regarded 
it as quite subsidiary to the other two symptoms, and perhaps 
looked upon it as au accidental complication. The equal im- 
portance of the exophthalmic with the other symptoms was 
first insisted upon by Basedow, a practitioner in the German 
town of Merseburg. He is therefore considered by the Germans 
to have been the first to give a complete picture of the disease, 
and they call it after liim “ die Basedow’sche Krankheit,” or 
Basedow’s disease. 

In most of the cases described by Graves the paroxysmal 
nature of the palpitation, and of the increased enlargement of 
the thyroid, forms a prominent symptom, and apj^ears to have 
specially attracted his attention. In these cases the protrusion 
of the eyeballs does not seem to have been at all noticeable ; 
while ip most cases where this symptom is prominent, the 
tliyroid gland, although subject to occasional variations in size, 
generally remains more or less obviously enlarged. The follow- 
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ing ease is one of purely spasmodic exophthalmos, iu the inter- 
!vals of which the symptoms entirely disappeared. Not liaving 
witnessed one of the fits myself, I am obliged to rely solely 
on tbeftegtimony of the mother for the accuracy of my facts. 

M. girl 13, first seen on Wednesday, August 
1874, middle height, fair, well nourished, slightly strumous- 
looking ; has a somewhat vacant expression. The eyes are nob 
prominfirb, nor is the thyroid gland larger than usual. Mammae 
not developed. There is a loud systolic murmur at the apex of 
the heart, I'aintly audible over the base. 

About 20 months ago a laigo weight fell from a window 
and slightly grazed her nose. Three days afterwards she had a 
fit. According to her mother’s account, this fit was net pre- 
ceded by any warning. The first thing noticed was that the- 
eyes hecnme very prominent, or in the mother’s own woi'ds, 
“ stood out shocking.” The hands were clcnclunl, aud the anus- 
drawn up towards the head. The body was drawn somewhat 
to the right side, and the mouth also to the )ight. This lasted 
for 4 hours and 20 minutes. She then fell asleep, and slept 
for four horn's more, only awakening once during that time. 
During this sleep her eyes returned to their ordinary size. 
About 14 mouths afterwards she had another lit ; a third one 
on June 21 ; a fourth one about four weeks ago ; and a fifth 
one last Monday, August 24. During the fit she foams at the 
mouth : there is also some bleeding from the ii^outh ; in the lust 
fit fx’om the ears also. After the lit she complains of pain in all 
her limbs ; and a fortnight before the lit comes on she complaiua 
of being very tired, and of aching in her hack aud sides. She 
has never menstruated, the appetite is good, the tongue covered 
with a tliin white fur. Bowels open two or three times a 
week. 

Ordered — Ferri et ammoniw citmt., gr. viii. ; ammon. earb., gr. ii ; spt, cJiloro- 
form, nt X. ; tinct. nuc. voiii., tl|, x. ; iufus. qiiussue, ud 3 i- : ter die sumend. 
PU. aloes et myrrh, gr. t. : Omni nocte sumead. 

August 31 . — In statu quo. Has had no more fits. 

Bpt. hanst et pil. 

October fi.^The same treatment has been continued. There 
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has been no re^nrn of the fits ; but the mother says that she 
thinks one is now coining on, as she sees preniouitoiy' symp- 
toms. 

Ordore<iP^?otass. bromid, gr. xxr. ; ept. chloroforai, xx. ; i. • tot 

die sum. 

The next one was admitted into Mary Ward, under the care 
of Hr. Andrew, in June last. It is a most intcrost^ng case, 
presenting in a typical maimer most of the symptoms of exoph- 
tiialinic goitre, although neither tlie enlargement of the thyroid 
nor the protrusion of the eyeballs is present to any gi-eat extent. 
It is also remarkalile in being complicated by diaVjctes, a dis- 
ease: w,hich has been shown by the researches of Cyon, Eckhard, 
i?avyi and others to be closely associated with the thii d cervical 
ganglion, and the nerves passing through it; the very part, in- 
deed, to wliich the nervous disturbances in exoplithiilmic goitre 
have already been attributed. 

Dr, Andrew has not only kindly placed this ease at my dis- 
posal for publication, but has afforded mo every assistance and 
facility for obseiving it myself. I have also to acknowledge my 
obligations to Dr. ilndrew’s house-physician, Mr. Strugnell, to 
whom I owe the observations with tlie ophthalmoscope, and to 
Mr.'Wliarry, to whom I am indebted for tlie analysi.s of urea. 
In ri&ording the case here, I have inserted some oViserv^tions 
which were made some time after the patient’s admission: 
tlie ophthalmoscopic observations, wliich were made about the 
end of August. J\Iost of the.se, however, 1 Jiave distinguished 
‘by brackets from those made at the time of admission. 

S. 1’., aged 43, lady's maid. Patient is of the middle height/ 
and very thin and nervous-looking. Hair thin. 

History . — Her mother’s family is very rheumatic, but they 
ar0;all long-lived. Father’s family not so rheumatic, and they 
live generally above middle age. There are none of either 
family who iiave suffered from fits, nor is there any history of 
either diabetes or phtliisis. When 17 years of age, she had 
rheumatic fever. At the ago of 25 she became a lady’s maid. 
About 10 years ago she had some family trouble, and some 
mote five or six years ago. About 13 years ago she went to a 
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faimly whore one of the menihers w^as fidgety, jand gave her a 
good deol to do. She remained in this situation for ten years. 
About five years ago she began to lose Hesh, but she grow 
strongft* ugaih. Three years ago she went to a situation where 
the ladiei? were very kind, but were often out at balls, so thatf , 
siie ^yas often kept up at night. Wlien she did not get sleep at 
night, she lost it altogetlier ; for she never could sleep in the 
day. Al^o^t two years ago she noticed a pulsation in tlie epi^ 
gasttium. About that time she had a severe fall on the back of 
the head. She was unconscious for some niinutes, and did not 
recover from its effects for several hours. About this time, also, 
she began to notice that her stools became occasionally very 
pale. They continued so for about five weeks at a time, •and a 
similar attack has come on every three months since. Aboufi 
six months ago slie became very thirsty, felt pain iu the back, 
and began to lose flesh. Two months ago she had diarrheea 
and sickness. About three weeks ago one of the ladies whom 
she served noticed that her right eye was looking strange, and 
asked if she had a cold in it. Before that time it was natural. 

On Admission . — Tlie patient is very thin. There is some 
ceclema of the feet and ankles. The thyroid gland is more pro- 
minent than usual : the right lobe is larger than the left. Tlie 
patient never noticed tlie enlargement of the gland until it was 
pointed out to her in the hospitid. 

Eyes . — Both eyes somewhat prominent; the right eye more 
prominent than the left. [On jiressure, the eyes retreat in the 
sockets. There is very slight tenderness to pressure on the 
right eye, more on the left. There is a brown patch on the riglit 
side of the right conjunctiva. This has been there ever since 
she remembers. On making the patient look up and down, the 
right upper eyelid does not follow the luoveaients of the eye as 
quickly as normal ; so that on looking down, the conjunctiva: is 
exposed, forming a wliite ring above the cornea. The patient 
iitates that she feels as if the right eyelid caught. The left eye- 
lid moves normally. 

The pupils are normal in size. Tlie right pupil does not act 
<iuite 80 readily as the left. She is presbyopic, focus being 16 
inches. She has noticed that she required to hold objects 

2 E 
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lorcher off only since she came into hospital, hut the presbyopia 
may have come on some weeks before, as she had no work, and 
therefore no opportunity of observing it. The vision of the left 
eye is -tf-of Snellen’s types. That of the right eye is with 
ft —43 lens it becomes -ff* Her eyes ache if slie looks long at 
any object. They did not use to do so. She is often troubled 
with muscte volitantes. She has some subjective visions when 
'her eyes are closed. These are in the form of stars flying 
;about ; they are usually of a red colour. On ophthalmoscopic 
examination, the media are found to be a little hazy. Nothing 
• abnormal in the discs, except that the right disc seems a 
little smaller than the left. The fundus of both eyes is fairly 
naturat] 

Gi^oidatoiy Sjjatem . — The heart’s ajrex beats two inches below 
and half an inch outside of the left nipple. There is a systolic 
murmur. The abdomen is retracted, and there is strongly - 
marked epigastric pulsation. The veins on the arms, legs, and 
neck are very large, full, and light blue, not dark blue, in colom'. 
When emptied, they fill very rapidly from behind. The face is 
not flushed, nor are the earn red. The temporal arteries are 
prominent and torluouis. The pulse is 120, full and regular. 
The sphygmographic tracing shows a flat plateau and mode- 
mteiy slow descent. This seems to indicate that the arteries 
have undergone senile dogenerati«.a, and that they do not empty 
with any very great rapidity. There is no marked pulsation in 
the thyroid gland, nor is there any very obvious increase in the 
‘ pulsations ttf th'c carotid arteries. 

llespiratory System . — The voice is soft and pleasant. (She 
has lately noticed it change, and become weaker and more. 
" dinky.” She has only noticed this siitce she began to recover 
in hospital. She sometimes has a little pain in her throat when 
sire speaks.) The lungs ax^e normal 

Musevlar mid Nervous Systems.— T\\et muscles are very small. 
The thumbs are drawn in upon the palms. She finds difficulty 
in rising from a sitting posture. She is very neat in her habits, 
is hot quick-tempered, but the contrary. She is very emotional, 
ft«d is in either very high or very low spirits. Wlren well, she 
is higii'spirited and full of fun ; hut for three weeks before 
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admission she has been liable to fits of cryitlg, during which 
she is miserable without kn^iwing why. Tliese fits arc relieved 
by cold water to the face, ether internally, or ammonia to the 
nose, Sl^e feels very hot, and cannot bear many clothes on 
during either day or night. Slie has always had this feeling,' 
and always liked cold weather best. Temperature on admis- 
sion, 101*9 . 

DifjesUtve Tongue very dry ami furred. She is very 

thirsty, and her appetite is bad. Bowels irregular. 

Secrctiom, — Perspires very much in warm weather, or on the 
slightest exertion. Urine very almudant, sp. gr. lOdo, acid. 
Contains much sugar. 

June 2. Ordered — tlran cukes; beef-tea, 1 pint ; brandy, 2 fluid oz. ; 'eggs, 2. 

Pil. ci)l. <?. h^’oseyam., gr. x. statim ; hst. sodie citrat. etferv., 
Oils horifl. 


3. Feels ml lie r better; ordered fresh greens. 


i' 


Urine 


pints ; 

sp. gr 

. 1030. 


ji 

7i. 


2 \ 

j> 

»» 

1028. 


tf 

il 

>1 


9> 

»» 

1025, 



7. 

9’ 

5 

91 

91 

1025. 


91 

8. 

J» 

6 

9» 

91 

1027. 


JJ 

n. 

99 

4 

99 

99 

1024. 

Seems belter. Tomperaturo, 99®; 








imlse, 114. Ordered — Essence of 
meal, ^ y. (spt. rect , 5 i. ; aq., 
5 i.), instead of brandy. 

f> 

10 . 

11 

31 

91 

91 

1024. 


J» 

11 . 

9» 

4^ 

fi 

»» 

1022 . 


»> 

12 . 

99 

‘H 

19 

11 

1025. 


M 

13. 

99 

31 

91 

91 

1023. 


9* 

14. 

91 

4.i 

91 

1* 

1025. 


» 

15. 

99 

4-1 

11 

19 

1023, 

Is rather hysterical ; addo hat. tiiicC 








opii, Uj, V. Temp., 99\ 

9» 

16. 

9* 

4i 

99 

9> 

1022 . 



17. 

99 

31 

91 

1* 

1023. 



18. 

9* 

31 

99 

>9 

1022 . 


19 

19, 

ff 

31 

»> 

tf 

1018. 


„ 

20 , 

i> 

41 

11 

99 

1018. 


9- 

22 . 


Diarrhoea. 



9» 

23. 

99 

pints; 

sp. gr. 

1013. 

Still some dmrrhcea; otherwise 








seems better : less sugar in urine. 
Ordered — Bismutli subuit., gr. 
XV.; tinct. catcchi'., 5 ss, ; decoct 
haematoxyli, 5 i. p r. n. 

>» 

25. 

» 


• • 

99 

1012 


)» 

27. 

9J 

3 pints s 

>9 

X014, 


>9 

29. 

99 

4 

99 

19 

1020 . 



2 £ 2 
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_ June 30. Urine, 4piuts j *‘P*gr. l0^7, alk.^ 

, appetite good ;. sleeps 

feci; seems better. 
Ordered-^ Acid, Tiitrobydroclilor- 
, d«l., irt x. $ liq. Ptr^ehriifle* iii. ; 

* opii, Ml V. j aq. month, pip ^ 

5j‘>tordie. 

July 3. „ .. „ 3013, 

»» >» 42 pints ; „ 1013. General condition improved; sugar 

rather diminished ; fe^it still a. 
little swollen. Ordered — JLst. 
soda? cir. efferv. Ctis lior.’s. 

» 13. „ 3} „ „ 1030. 

„ 16. Ordoml -Liq. sfcrychniiE, Mj, iii.; Unet. opii, IHv.j acid phosph. 
dil., Ml XIV. ; aqu c, 5 i*‘ tStis lioris. 

» 2^. Urine, 5 pints; sp. gr. 102S, Itutliop hysterical. AVeiglit, 5st. 8lbs. 


August 23 

uriiio. 

Sp. gr. 

IVrcctit ige 
Ri?action. of urea. 

Total urea,. 
Grainiiies. 

• ♦ 25fi5 

3U3) 

Acid. *73 

IS‘7245 

.. 27 

.. 2280 

jcao 

Acid. *85 

18 9(3 

„ 21 

2700 

1025 

Faintly acid. *825 

22-275 


September 1.— TTriiie, 4 pints, sp. gr. 1030. Nothing ab- 
normal in funduo of eyes. 

September 8. -Gained 3^ lbs. during the last few weeks. 

September 23.— Not <iuite so well last night. 

October 4.— Had not been quite so well during the dav. 
Hysterical, and crying a great deal. About seven o’clock she 
went to bed, and took some beef-tea ; about nine she spoke to 
tlm nurse ; at 10 the sister saw that she wa.s lying quiet, with 
the curtains of the bed slightly drawn ; and at 11 p.jt. she was 
found to be dead. No dy-spna'a whatever was observed The 
fw^nds of the paUent would not allow a post-mortem examina- 
tion in the hospital, and after some difficulty permission was 
obtained to examine the body at their house, Owim^ to the 
circumstances under which' it was made it was exceedimdy 
imperfect and unsatisfactory. The lungs were much con- 
gested and cedematous. There was no consolidation, and they 
were singularly free from pleuritic adhesions. No vegetations 
were observed on the cardiac valves. The left ventricle was 
contract^ and empty; the right ventricle contained a little 
blood. The liver was normal. The thyroid gland was enlaiged 
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and hard, ami it was firmly attached to the ti'achea. The eyes 
were sunken, hut nOt greatly. 

The^ Cfinso of death here lias evidently been oedema of tho 
Jungs, wliieh lias come on i^apidly and insidiously. * ^ 

in tins case, the three prominent symptoms of exophthalmic 
goitre, although present, are not so noticeable as in many others ; 
but the collateral symptoms, such as the imperfect consensus 
between tlie movements of the upper eyelid and visual plane, 
on wliich Von Griife laid particular stress, the emotional cha- 
racter, the feelings of heat, the actual high temperature noticed 
by Teissier, are particularly well marked. To trace the 
symptoms back to their origin is exceedingly difficult, and, 
indeed, impossible, in the present state of physiological know- 
ledge. All that wo can hope to do at present is to put together 
the facts already ascertained, so that we may gain a clearer 
idea of the possil)le origin of tho symptoms, and see more 
readily what points remain for investigation. 

Three causes of ])alpitation at once suggest 
themselves to the mind, and these three are undoubtedly tbo 
chief, although there may bo, and probably arc, others which 
occasionally come into play. These thx’ee are — 1. Paralysis of 
the vagus; 2. llelaxationof the arterioles ; 3. Stimulaliou of the 
.accelerating nerves of the heart. The vagus acts as the regu- 
lating nerve of tlie heart, not only by diminishing the number 
of its pulsations, but by moderating their strength. Paralysis 
of this nerve, therefore, causes palpitation of the heart, as well 
as quickness of tlio pulse. Palpitation depending on this cause 
may bo compared to the excessive work <lone by a steam-engine 
from which t|ie governor-balls have been removed. Put a 
steam-engine inay also work with excessive and injurious 
violence if the resistance it has to overcome is much diminished, 
especially if this occur suddenly, and the govornoivballs, 
although present, work imperfectly. The same is the case with 
the heart, which is very liable to palpitate violently when the 
•arterioles become relaxed from weakness of the vaso-motor 
©ystem, and allow the blood to pour readily through them into 
the veins, instead of opposing a moderate amount of resistance 
to its passage. 
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In anJemic pefsons, for example, where the vaso-^mctor system 
is weak and the arteries relaxed, the heart often beats vielently, 
especially when any additional relaxation is produced ^in the 
arteries by some slight exertion. Here, no doubt, there is a 
disproportion between the action of the heart and the w’ork it 
has to do. This implies a weakness or disturbance of the 
nervous annugcment, which ought to regulate the one to the 
other. The part of this arrangement which is in faiflt, how- 
ever, seems to be the vaso-motor system, which allows the vessels 
to dilate too much, rather than the vagi, whose function is to 
restrain the heart. Both kinds of palpitation which I have 
mentioned, depending as they do on a weak or paralysed con- 
dition of the vagi or vaso-motor nerves, ought to be relieved by 
the use of tonics ; and in fact we do find that such remedies, 
and more especially iron, are of the irtmost service in the i>alpi- 
tations of atuemia. But the third cause of palpitation, viz. 
stimulation of the accelerating nerves of the heart, depends 
not on weakness, but on over-action of that part of the nervous 
system, and anything that will increase its power will prove 
injurious rather than beneficial. Now this is exactly the con- 
dition which is found in exojjhthalraic goitre. Although 
persona suffering from this disease are not unfrequently anaemic, 
the administration of iron is not followed by its usual good 
effects. On the contrary, I’rousseau states that it increases the 
palpitation to such an extent that its employment e.an rarely 
be continued. This is exactly what we should expect on the 
supposition that the palpitation depended on stimulation of the 
acgelerating nerves of the heart, and I am therefore inclined to 
believe that the palpitation in exophthalmic ^itre is due to 
irritation of these nerves. Their deep origin has not been 
exactly determined, but they pass out from the spinal cord along 
the veitebral artery to the thinl cervical ganglion, and thence 
to the heart. They might be excited l)y an initation applie<l 
to either, at thmr origin or during their course, and thus w'e 
might expect them to he called into action by changes in the 
brain, medulla, spinal cord, third cervical ganglion, the branohea 
accompanying the vertebral artery, or those going to the heart. 
: In order to ascertain where the source of irtitation is, we must 
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discover what other nerves appear to be irjitated in exoph- 
thalmic goitre, and consider what points exist at which applica- 
tion of an in’itant might affect all the nerves at once. 

Entargeviezt of the Thyroid Gland. — The great variations 
M'hich occur in the size of the thyroid gland in exophthaimfc 
goitre, and its remarkable pulstition, which has sometimes 
caused it to be mistaken for aneurism, have led nearly all 
observf^s to ascribe its enlargement, in the first instance at 
least, to dilatation of its vessels and engorgement of the gland 
with blood, in a manner similar to that which occurs in erectile 
tissues. After this has continued some time, increased growth 
may occur in the glandular elements. This dilatation may 
depend on direct pai’alysis of the vasomotor nerves* of the 
glandular vessels, or on inhibition of these nen^es by others, in 
the same way as the vaso-motor nerves of the penis cease to act 
and allow the vessels to become full when the nervi erigentes 
are irritated. The A’^asomotor nerves of the thyroid vessels 
j)roceed from the second cervical ganglion, but I am not 
acquainted with any experiment showing whether they pass 
from the spinal cord to the ganglion through its communicating 
branches, or pass upAvards through the third cervical ganglion. 
Neither do I knoAv whether these vaso-motor nerves may be 
inhibited, and the vessels dilated, by irritation of the third 
cerA'ical ganglion, or other parts of the nervous system. 

Proti'uaion of the Eijebcdl. — Tn a case recorded by Laqueur* 
the protrusion of the eyeballs .seems to hav'e been partly due to 
an increased amount of fat Avitliin the orbit, but this may have 
been only consequent on long-continued congestion. In many 
cases the protrusion varies at different times, and in the case of 
M. M. it is only temporary, disappearing in the intervals 
between the fits. It is therefore usually ascribed, and in all , 
probability correctly, to increased fulness of the blood-vessels, 
or of the blood-vessels and lymphatics, in the orbit It may be 
also due, hoAvever, as suggested by Professor Laycock, to con- 
traction of the involuntary muscular fibres stretching across 
the back of the orbit, which were described by Professor 
Timier of . Edinbuigh some years ago. Whatever be the cause 

* Dissei.’taticn : Beilic, ISei; CinstaiA’a Jakreiiberieht. 
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of it, however, Glaiule Bernard has found that protrusion of the 
eyeball may be produced by irritating the branches connecting 
the first and second dorsal ganglia with the spinal cord. 

Impaired Movement of the Eyelid , — The loss of coAsensns 
tietween the movement of the eyeballs and the upjier eyelid is 
ascribed by Von Griifo to disturbed innervation of the lids, and 
especially of tlie levator of the upper eyelid, wliicli is partly 
supplied by the sympathetic. 

Diahetes . — The diabetes in this case can hardly be due to 
imperfect destruction of sugar in the body, as the temperature 
was higher than normal. It must therefore be due to increased 
formation. Increased formation depends, according to Bernard, 
on dilatation of the hepatic vessels, and a quicker How of blood 
through the liver. According to Cyon, the vaso-motor nerves of 
the liver pass from the vaso-motor centre in the medulla 
through the cervical part of the spinal cord, pass out from it, 
and proceed ^ong the vertebral artery to the third cervical 
ganglion, thence to the first dorsal, and along the gangliated 
■cord and splaiichnics to the liver. (See figure.) Division of 
■this nervous path causes the vessels to dilate, and produces 
diabetes ; but it would appear that irritation of the cervical 
ganglia, or at least of the first or the third, also causes diabetes, 
which does not depend on paralj’sis, but on reflex inhibition of 
the vascular nerves of the hepatic vessels. 

Patholoyy of Exojditlialmic Goitre . — All the symptoms seem 
to point to an affection of the cervical sympathetic, and post- 
mortem examination of a case by Peter showed that the lower 
cervical ganglia, especially the right one, were thicker and 
rcflder than normal; that the connective tissue was increased, 
as well as nuclei and spindle-shaped cells, while there were 
very few ganglion cells. It seems, therefore, that the third 
cervical ganglion may lie looked on as the seat of tlie disease. 
So long as we knoAV so little of the pathology, it is iippossible 
to treat the disease scientifically ; but the treatment wliich 
seems in practice to have given the best results is the use of 
digitalis and veratria, and Meyer states that he has obtaiinod 
great benefit from the application of galvanism to the .neck. A 
weak ascending current was passed through both syinpathetics J - 
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VASO-MOTOB KKRVE8 OF THE LIVER 


¥io. 153. 



Dlagmm showing the course of the vasomotor nerves of the liver, aeconting to Cyon 
■and Aladoff. These nerves are indicated ly the dotted line wliich revompanies them 
<t, the vasomotor centrt? ; ft, the trunk of the vagus; c, the vasomotor nerves of the liver 
passing along the vei-tebial artery from the spinal cord to ihe thiid cervjea! ganglion ; 
d, the fthres connecting the third cervical and first dorsal ganglion. They pass on each side 
of the subclavian artery, and form the annulus of VieussenB. Above e is the first dorsal 
ganglion ; / the gangliateil cord of the sympathetic ; {/, Mie spinal cord ; h, the splanchnl'i 
nerves ; t, the semilunar ganglion, from wliicii vasomotor fibres pas.s to the lif*patic and 
intestinal vessels ; k, the lungs to which ilbres of the vagus are seen to be distributed ; 2, 
the liver ; m, tiie intestine ; n, the arf:li of the aorta. 

Division of the vasomotor nerves of the liver by partial division of the .sjunal cord in the 
' neck or section of the fibres c or d cau.ses diabetes, by allowing the hepatic vessels to dilate* 
and the flow of blood thmugh the liver to become more rapid. Division of the gnngUat>cd 
<'ord /, or the splanchnlos ft, would probably have a similar effect wew it not ttiat the vaeo- 
mot»>r nerves of the intestine are contained in them as well as the nerves for the Jlver, and 
therefore when they are divided the intestinal vessels dilate. The blood then goes to tijo 
intestine, so that the circulation through the liver is not increased although its vessels are 
dilated. Diabetes, therefore, does not result from section of /or ft. 

Irritation of the vagus ft, or of its branches, causes reflex dilatation of the hepatic vp.<iHel8 
and diabetes. A similar result sornetiiues follov/s irritation of the first and tiiird vei vicat 
ganglia. 

Protrusion of the eyelwills was produced by Bernard, by irritating the branches con- 
necting the first and second dorsal gang li with the spinal cord. The letters lies bet weeu 
these ganglia. 
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one pole was also laid oir the snbmaxillary region, and the other 
on the closed eye, or the thyroid gland. The treatment adopted 
in the case of S. P. was of course modified on account of the 
diabetes, and alkalies were administere<l, as experiefee has 
%hown these to be beneficial in this diseasa The benefit prob- 
ably depends on the action of the alkali on the ferment, by 
which glycogen is converted into sugar in the body. The action 
of the ferment is impeded by the alkali, the conversion of 
glycogen into sugar takes pliu;e more slowly than usual, and 
thus the (quantity in the body is diminished. 



ONE 'OF THE CAUSES OF DEATH DURING 
THE EXTRACTION OF TEETH UNDER 
CHLOROFORM. 

(Ri^printecl from The British Medical Journal, December 4, 1875.) 

In a clinical lecture delivered by the late Professor Sj'me 
several years ago, he made the somewhat romarkable statement 
that, nothwithstanding his constant use of chloroform for many 
years, he had never had a death from it occur in his practice. 
TJie reasons he gave for this success \vore two. “ First/’ said 
he, '^we always use good chloroform; and, second, we always 
give plent)’' of it.” Kow', otliens besides Professor Syme have 
used good chloroform — have used, indeed, cliloroform by the 
same mahers, and .altogether undistinguisliablo from that 
employed by him ; and yet they have had to deplore the occur- 
rence of deaths during its administration. Tins fact of itself is 
sufficient to show’ that the second reason given by Professor 
Syme for his success is of great importance ; and that, in 
administering cliloroform, it is just as necessary to give plenty 
of it as to use only tlie liest (pudity. It is, indeed, very extra- 
ordinary to see how^ timidity in the use of chloroform S(*.oms to 
bo associated with a more tlian ordinary fatality ; and liow the 
careless — one w’ould say almost retikless — employment of it is 
frequently nnatteiided with any inconvenience. In Snow’s work 
on Chloroform, p. 151, the following pa.ssage occurs : “ In Guy’s 
Hospital and St. Thomas’s, the medical officers had a strong 
objection to narcotism by inhalation for the first two or three 
years after the practice w’as introduced, and cliloroform was 
used much less generally in these institutions than in any other 
of the hospitals of London ; yet it was precisely in these two 
hospitals that two deaths from chloroform occurred before any 
such accident luul kappened in any other bosjital in this 
metropolis.” Dr. Snow seems inclined to attribute both of 
these deaths to the administration of chloroform; but a careful 
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ti^em niay u 3 to another coiiclusioi^ 
r analyse these cases, liowcver, I wish to 

" recall to the niemory of some: an anecdote regixrding the 

.ferptluctiou of chloroform into the Edinburgli Infirmary, which 
iftr- Syme ^vas accustomed to l^date in his clinical course. One 
•of the surgeons of the infirmary. I believe tlie late Trofessor 
Milfei%had agreed to Sir James Simpsons retpiest to perform, 
for the first time, an operation under chloroform. Everytliing 
had been prepared, and the tray containing the instruments and 
-bottle of chloroform was being conveyed into the operating 
theatre, when the hearer stumbled and fell, and the whole con- 
tents of the bottle were irretrievably lost. There was no time 
to get ihore chloroform, and the operation was performed with- 
*out it. The patient died on the table. Had chlorofonu been 
administered, the death would have been put down to the 
.amesthetic, and not to the operation ; and, in all probability, not 
another drop would ever have been used. 

This case shows us — and it is only one of many — that deaths 
used to occur from sliock during operations before the introduc- 
Xioii of chloroform, but they were tlien put down to tlieir true 
cause; whereas, since its introduetion, one hears little or 
nothing of death from shock, and much of death from chloro- 
lorm. Another circumstance wliieh is well worthy of notice, 
and which ought to be borne in mind, is the freciuoncy with 
which the remark occurs in the descriptions of these so-called 
deaths from chloroform, that a fatal result was all the more 
extraordinary and unexpected because tlie quantity of chloro- 
form administered had been exctH'dingly small. Mr. Syme 
w’ottld have said thaj, instead of being extraordinary, it was the 
very thing to expect ; and if, like him, the operators had given 
plenty of chloroform, their patients would not have died. 

And now let us look at the first two cases of death under 
.chloroform— 1 will not say from chloroform — in these two 
London hospitalKS, wlierosuch a dislike to the aiUTestlietic \vas felt, 
John Shorter, aged 48, a porter, known to lifr. Solly for some 
time as a very active messenger, of intemperate habits, but 
;ai:)parently in perfect health, was admitted into George's 
AVar4, under Mn Solly, on the 9th October, 1849, suffering 
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onychia of the left great toe, whieli had existed some time. It 
was determined to remove the iiail, the man hiwing d 
before entering the liospital, on taking chloroform. On 
WedriSsday, October 10th, at a quarter before 2 P.M,., he bcgaii 
to inliale the chloroform, with 1 drachm in tlie iiihaler. 11 
had no visible effect for about two minutes; it then excited 
him, and the instrument M-as removed from the mouth, ^ and 
about Id drops more were added ; lie then almost immediately 
became insensible; the cliloroform was taken aw'ay, and the 
nail removed. He continued insensible ; and, bis face becom*' 
ing dark, the pulse small, quick, hut n^gular, and respiration 
laborious, his neckerchi(if was removed, and the chest exposed 
to fresh air from a window near to the bed ; cold water was 
dashed in his face, the chest rubbed, ajul ammonia applied to 
Ids nose. After struggling for about a minute lie became still, 
the skin cold, pulse scarcely perc6q:>til)le, and soon ceased to be 
felt at the wrist : respiration became slow at intervals, but con- 
tinued a few seconds after the cessation of the pulse. 

The subject of the second case vva.s Alexander Scott, aged M, 
a police constabl(3, who died in Guy's Hospital in June, 1850, 
whilst undergoing an operation for the removal of a portion of 
the right hand. Mr. Cock, the operator, said that he was cer- 
tain there was no disease about the patient. He described tlie 
accident as follow's : — The ordinary machine \vas used, and, as it 
had not the effect, witness directed that a napkin should be 
iblded into the shape of a cone, which was applied with chloro- 
form. The removal of a portion of the bone occupied one 
minute and a half ; but, before it was completed, the blood, 
which was gushing out, suddenly stopped, when witness directed 
Mr. I^acy to feel the pulse of the patient, and they found that 
he liad expired. 

The sudden stoppage of the hannorthage sliows that, in this 
case, as in otliers, the action of the heart w-as suddenly arrested. 
The first attempt to cause insensibility failed in this as in some 
other cases. 

Let us take yet another case, the second one ever recorded of 
death under chloroform. The patient, a healthy woman, 35 
years of age, was taking chloroform iii order to have several 
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teetlj\oxtriictedv , T foUowing account of wlial; oCcurr^; was 
given by tv\'o female friends of bers wlio were present at the 
opemtiou The respiratory movements appeared to be free; 
chest heaving. Whilst mbaling the face became pale, i^t the 
iStpiratiou of about one minute the instruments were* applied, 
and four roots of teeth were extracted. The patient groaned, 
' and manifested what they regirrded as evidences of pain Avhile 
the teeth were being extracted, although she did not apeak or 
exhibit any other sign of consciousness. As the last root came 
oiit, which was about two minutes from the beginning, of the 
inhalation, the patient’s head tunied to one side, the. arms 
Viecarae slightly rigid, and the body drawn .somewhat backwards, 
with a 'tendency to slide out of the operating chair. At this 
instant, Mrs. Pearson states, she placed her finger upon the 
patient’s pulse, observed it was feeble, and immediately ceased 
to l>eat The face, which was previously pale, now became 
livid, as did also the finger nails ; and the lower jaw dropped, 
and the tongue projected a little at one corner of the mouth, and 
the arms were perfectly relaxed. The females regarded her as 
being then quite dead.” 

In two of these cases death oecuiTcd after the inlialation of 
chloroform had been discontinued, and in tlve third the chloro- 
form seemed to have no Imd effects until the operation was 
begun. In all of them the death followed the operation, and 
must, I think, be attributed to the shock caused by it. But 
what is shock ? and is there more than one kind of it ? for the 
.symptoms were not the .same in all these cases. In two of them 
the heart seemed to stop suddenly, while in the third it failed 
gr&dtially, although it ceased before the movements of breath- 
ing ; and the death must therefore he attributed to arrest rather 
of the circulation than of the respiration. The circulation is kept 
up in the body by the heait constantly pumping the blood out 
of the veins into the arteries. Whenever the heart stops pump- 
ing, or whenever it gets no blood to pump, the circulation will 
sfcbp. It does not matter how much blood is in the vena cava 
or right auricle waiting to be sent into the arteries, if Idle heart 
be not beating ; nor is the case a whit better when a wound in 
the jugular has drained away all the blood, so that no ei^orts of 
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the hesTti however numerous and however vigorous, can scud a 
drop of blood into the. aorta. 

It must be recollected that bloOd is only useful to the tisanes 
when it is in the arteries, just a.? water is only available for 
Uousehohf purposes while it is in the cistern or supply ])ipes? 
Once the water gets into tlie sewer it is of no more use, unless 
it can be filtered and again pumped back into the cistern ; and 
once theiiblood has got into the veins, it is no more use unless 
it can te purified by the lungs and pumped back into the aorta, 
from whijiii it may once again pass to nourish the tissues. The 
only difference between blood still in the veins and blood which 
has run out of them into a basin, is that, when in the basin, it 
cannot gfit to the heart, and be pumped by it into the ailieries ; 
while, so long as it is in the A'cins, it generally reftchos the heart 
readily. But although it generally does reach the heart easily, 
it does not always do so. Sometimes it accumulates in the veins 
of tlie abdomen, and never reaches the auricle ; so that it might 
Just as well be in a basin for any use it is to the lieart or body. 
This was shown by Professor Goltz, of Stra.ssburg, by a remark- 
able e.vperiment. After exposing the heart of a fmg he noticed 
that it beat regularly, and at each beat sent a cpiantity of blood 
into the aorta, again becoming full of blood in the interval 
between the pulsations. The frog’s heart is partially trans- 
parent ; so that it is easy to see by its colour when it is empty 
and when it contains blood. He now struck the frog’s intestines 
pretty hard, and found that the heart stopped. The irritation 
produced by the blow had been conducted up to the medulla 
oblongata ; and, being reflected down the vagus nei ves to the 
heart, had stopped it. After a little while, the heart seemed to 
recover, and began to pulsate again. But there was a very 
remarkable difference between its appearance now and its 
appearance before the blow had been given. Instead of becom - 
ing filled with blood during each diastole, and assuming a deep 
red colour in consequence, it remained quite pale and empty^; 
and, although it contracted vigorously, the circulation stopp^^ 
for the heart had no blood to propel. On looking at the veiia 
cava, Goltz found the cause of this phenomenon. The frog was? 
hanging with its legs ^ downwards, and the vena cava was not 
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fnllup to the level of the heart. Usually the vena cava attil 
veiiis of the intestines are kept in a state of semicontraction or 
tone by the vaso-inotor nerves, but now they had become coni- 
pletely iHjlaxed : so that the blood which usually woul| have 
tilled them completely up to the heart was not sutfici^ntiUnd sd 
they were only about half full. On laying the frpg in a 
horizontal position, the blood* ran towards the heart. It was 
thus evident that the blow on the intestines had done s«methiug 
more than stop the heart. It had also stopped the usual action 
of the vaso-motor centre ; so that the veins, instead of, remain- 
ing; in a state of tonic contraction, became widely dilated, 
Aiid, be it noticed, this dilatation of the veins in Goltz’s experi- 
mentStwas more permanent than the stoppage of the heart, and 
continued after the cardiac pulsations had recommenced. But 
all frogs arc not alike; for sometimes a blow on the intestines 
will stop the heart wiihout having much elfect on the veins ; 
and sometimes it will cause the veins to dilate, and will not sto]> 
the heart, although very often, as I have already said, it will (U> 
both. The same effects seem to follow blows on the abdomen 
in man and in the frog, but with this difference : in the frog,, 
the heart may stop for some time, and again go on without 
much injury to the animal ; in man, tlie stoppage of the heart 
produces death in not many seconds. A good example of thi.s- 
is to be found iu Sir Astley Cooper’s Led urns on Su rgery, 
where ho relates tlnit a healthy labourer heloiiging to the India 
House wa.? attempting to lift a heavy weight, when another 
l^Ourer came up and said, " Stand on one side ; let an abler 
man try.” At the same time, he gave the former a .slight blow 
on the region of the stomach, when the poor fellow iniiuediately 
dropped down and expired. On examination of his body, there 
was not any mark of violence discovered, nere, no doubt, the 
blow in the abdomen stopped the man’s heart, just as it does in 


the frog j and death occuned before the organ bad time to 
|^|(P«^;jdfom the .shock. In another case, described by Bro- 
a young man was struck in the abdomen by a 
i^|i|ge-pole ; and,, after the accident, lay pale and tnotionless, 
pritb a: feeble pulse, empty arteries, deep sighing respiratienS;,, 
arid a livid hands and lips. In this instmicei tlier 
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liisart liad cither not been stopped at all, ^ or bad speedily 
rfedbyered itself ; but the abdominal veins bad been so dilated tliat 
all thg blood in the body could hardly fill them sufficiently to 
leave a (Jriblet over for the general circulation, although a little 
still did trickle into the heax’t so long as the patient reumined 
ill theireeumbent posture. 

We have, then, two forms of shock, according as the injury 
product its effect chiefly on the heart or chiefly on the vessels. 
But it is not merely blows on the abdomen which have the 
power of producing shock ; irritation of other parts can do si) 
likewise ; and this seems to be peculiarly the case with regaixl 
to bones. Thus Pirogoff records two cases in which deatli 
occurred during operations before the introduction of chloro- 
form. In both, the pain and loss of blood during the operation 
was only a little greater than usual ; yet in both, immediatehi 
nftcr the bone hud been sawn through, the face became pale, the 
eyes staring, the pupils dilated, a peculiar rigidity of the body 
occurred, and death immediately took place. 

The symptoms in these cases of Pirogoft’s are almost exactly 
the same as those of Mr. Cock’s case I have already desciibod ; 
but PirogolTs deaths were put down to the operation, because no 
chloroform had been given ; while the death in Cock’s ease was 
ascribed to the ansesthetic, because some chloroform had been 
administered; although, on account of the operator’s unwilling- 
ness to give it at all, the quantity was probably very small. 

In all three, it is evident that the heart stopped suddenly ; 
and this in itself was sufficient to cause death, though it is 
highly probable that dilatation of the abdominal vessels also 
occurred. 

In Mr. Solly’s case, the dilatation of the abdominal vessels 
seems to have been the chief cause of death; for the pulse 
became gradually, though rapidly, weaker and weaker, and then 
stopped altogether, just as we would expect it to do if 
suddenly ceased to be supplied with blood. - 

In the third case I have described, probably the heart 
chiefly affected ; for, just as the fourth stuujp of a tooth wa^ 
removed, the pulse was felt to be exceedingly w’eak, and almost 
immediatdy afterwards became imperceptible. 

2 F 
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StopiKigo of tto heart’s action, then, being of such iniportance 
as a cause of death, we must now inquire how it is produced. 
The heart is kept pulsating rhytlxmically by the motor jj^aiiglia 
which it contixins within itself, and will continue to pulsate for- 
some time after its complete removal from the body. But 
though it thus shows its power to contract independently of the 
central nervous system, it is, nevertheless, influenced to a great 
e.Ktent by the nerve-centres within the cranium. It would 
never do to have the heart acting without reference to the 
wants of the system, and pumping blood vigorously into the 
‘ arteries when the pressure within them was already too great, 
or acting slowly and feebly when the limbs were engaged in 
severe %?ork, and wanted an abundant supply of blood to enable 
them to perform it There are, therefore, nerves, some accelerat- 
ing and others retarding the heart, which pass to it from the 
medulla oblongata, and, acting as the spur and reins of a rider 
do upon his horse, regulate its beats in accordance with the 
wants of the system. The retarding fibres are contained in the 
vagus nerve; and, when this nerve is irritated strongly, the 
heart will either stop immediately in diastole, or will beat very 
slowly and more feebly. Nor is it only by direct irritation of 
the vagus that this result can be attained. Just as irritation of 
a sensory nerve sets motor nerves in actioii, and produce.s 
various muscular movements by reflex action through the 
spinal cord, so may irritation of a sensory nerve set the vagus 

the heart, by acting refiexly 
the medulla oblongata. A good many sensory nerves 
can do this ; but there is one which possesses the power in an 
especial degree. The roots of the fifth nerve are anatomicaHy 
closely connected with those of the vagus ; reflex stoppage of 
the heart is produc.ed more readily by irritation of the fifth than 
of any other iiorv^e. In many rabbits, the heart can be instam 
v^ttaneonsly stopijed by irritating the nasal branches of this nerve 
l|||}r .’a pungent vapour, such as ammonia, held before the nose. 

® eyeiy raUdt, or almost every yahbit, indeed, we can stop the 
■,„heart by a pungent vapour applied to the nose ; but we do pot 
^’ always do it uv the reflex manner I have just described, The 
Puimal always closes its nostrils to prevent the entrance pf the 
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vapour, and keeps them closed so long, that ""the carbonic acid 
accumulating in the blood begins to act on the vagus and stop 
the h^pirt. But this only occurs after the vapour has been held 
before the nose for some time : while the reflex stoppage whioii 
I have just mentioned takes place at once, almost simultaneously 
with the closure of the nostrils. Tltis reflex stoppage has been 
shown |»y Hering and Kratscluner to be due to the irritation 
being conveyed along the nasal branches of tli(3 fiftli nerve 
to the medulla, whence it is reflected along the vagus to tlie 
lieart, and stops it. 

Yet, notwithstanding the stoppage of the heart, the rabbit 
does not die ; nor is it, indeed, any the worse. AVliy b this ? 
Usually, when the heart is stopped, as, for example, when a 
ligature is put round the aorta, the blood all ]*iins out of the 
arteries into the vidiis ; and then, as I have said, it is useless for 
nutrition. But tliere is a nervous arrangement wliich prevents 
this wlien the lu*art stops in consequence of an irritation 
applied to the tifth nerve. This Jiervo not ojily contains 
branches which are couiiected with the vagus and stop the 
heart or retard it, but it also has branches which go to the 
cerebral hemisi)heros, and there excite an action which passes 
down the vaso-motor nerves, causing the auricles to contract, 
and preventing the blood from running out of the arteries into 
the veins, excerpt very slowly indeed ; so that, as soon as the 
irritation stops, the circulation is ready to go on normally. 
But it is only when the cerebral hemispheres are in good w^ork- 
ing order that this occurs. When they are removed, or when 
their function is destroyed by chloroform, morpliia, or chloral; 
irritation of a sensory nerve, such as the fifth, no longer has the 
same effect ; and it then always, according to Cyon, lessens the 
pressure of blood in the arteries. As it is the pressure of blood 
within the artoiies which keeps up the flow within them, just 
as it is the pressure of water within the pipes sujjplying a tow%i 
which keeps up the supply to the houses, we can readily ' 
that the diminished pressure which occurs on the irritation of a 
sensory nerve, after the cerebral hemispheres have been rendered ^ 
useless by a small quantity of chloroform, is a most serious thing 
for the animal. But here it is a little chloroform which is a . 

2 F 2 
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■jangerous thing,* and a full dose prevents any risk from this 
reflex stoppage of the heart. For the small dose acts on the 
cerebral hemispheres first, and destroys the reflex action,^jWhich 
< 5 pntracts f^ie vessels, while it leaves the ganglia at thf base of 
the brain and the medulla unaffected, and thus allows the reflex 
stoppage of the heart to go on as usual. A full dose, on the 
other hand, affects not only the cerebral hemispheres, but the 
ganglia and medulla, and prevents any reflex action %fhatever 
on the heart. I have found that, when a full dose of chloro- 
form has been given to a rabbit, one may hold either strong 
ammonia or glacial acetic acid before the nose, and not the 
slightest slowness in the beats of the heart can be observed. 
Sometimes, indeed, it has seemed to beat rather more quiclvly 
than before. 

Now let us try to apply these observations on the lower 
animals, and, by them, try to explain the action of chloroform 
on man, and the danger of employing it in the extraction of 
teeth, as well as in other slight but painful operations. For it 
is precisely in those slight but painful operations — extraction 
of teeth and evulsion of nails — that death most frequently 
occurs; and it is just in them that little chloroform is given, 
Ijccause the administrator thinks: “Oh, the operation won’t 
last above a few seconds ; and it is no use giving the patient 
enough to keep him or her snoring for half an hour.” We 
know perfectly well that many and many an one has teeth 
drawn under chloroform without any bad result ; and we have 
lalready seen that every rabbit has not the same liability to 
reflex stoppage of the heart from irritation of its fifth nerve ; 
but every now and then "we meet with a peculiarly sensitive 
animal, and every now and again we meet with a case of death 
from the extraction of a tooth under chlorofom. 

If the nervous system in man be at all like that of the rabbit, 
the violent inritation of the fifth nerve caused by the extraction 
of a tooth will tend to stop the heart. But it will also cause 
contraction of the blood-vessels; and thus extraction of a tooth 
in the waking state is rarely attended with any serious con- 
sequences. But if the reflex action on the blood-vessels, which 
usually occurs in the cerebral hemisiflieres, be prevented by a 
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small dose of clilorofonii, just enougli, as the case I have 
related, to abolish consciousness ^vitliout preventing reflex 
action in the ganglia at the base of the brain, and if the heart 
of th? individual be at the same time peculiarly sensitive to the 
impression made on the fiftli nerve, it may be stopped, and the 
pressure of blood in the arteries may sink so low that it never 
rises again. But if, on the other hand, chloroform be given, as 
Brofessifor Syme recommended, with a free hand, so as to produce 
total abolition of reflex action, no irritalion of the fiftli nerve 
by the extraction of any number of teeth will have any eflect ; 
the heart will pulsate as usual, and no danger is to be appre- ^ 
licnded from this cause. 

I do not at all mean to say that the adniinistmtion of 
concentrated chlorot'onn-vapour is free from danger — far from 
it ; but the limits of my ]iaper will not allow me to enter into 
this subject. All I can attempt to do is to direct attention to 
the observation of I*rofessor Syme, whose acuteness and 
accuracy few will question, and to try to impress it, by 
showing the probable j)hysiological reason why one ought 
alwa^'s to induce perfect anocstiiesia before beginning any 
operation under chloroform. At the same time, 1 would 
observe that, just as the circulation, which had ceased in tlie 
frog ill Goltz's experiment so long as it hung vertically, went 
on again wlieu the animal was laid in a horizontal position so 
that the blood found its way to the heart, so it may go on in 
man ; and, therefore, the safest j)ositioii for operations is the 
recumbent one. 

The two rules, then, for preventing death during the extraction 
of teeth under chloroform are: put the patient thoroughly ovexv 
and lay him iu a horizontal position. 



ON IRKITANTS AND COUNTER-IRRITANTS, 
WITH REMARKS ON THE USE OF BLIS- 
TERS IN RHEUMATISM. 

(Reprinted from St Bartholomew* 9 Hospital Beports^ toI. xi, 1875.) 

Under the terms irritants and counter-irritants we include 
those substances which first cause redness and then inflamma- 
tion when applied to the surface of the body. When they are 
used for their effect upon the part to which they are applied, as 
^.<7., a blister to a callous ulcer, they may be termed irritants ; 
when used for their effect on a distant part, a blister to the 
chest in pneumonia, they may be termed counter-irritants. 

But, before beginning to say a word about their action, it may 
be advisable to try to clear the way by correcting a common 
error regarding congestion and its relation to inflammation. 
Congestion generally means that there is more blood than usual 
in some part or other of tlie body ; but tlie blood may be either 
^streaming rapidly through the vessels, or stagnant in them, so 
that the condition in the two cases is utterly different. When 
the sympathetic nerve is cut in the neck of a rabbit, the vessels 
-of its ear become dilated, the ear itself becomes rosy-red, and 
the warm blood coursing rapidly through it raises its temperature. 
We then say that tlie ear is congested,* If we tie a ligature 
round a finger, and leave it there for some time, the finger gets 
swollen, cold, and blue, and we again saj^ the finger is congested^ 
But the different colour of the parts is enough to show us that 
there is a great and important difference between the congestion 
in the ear and that in the finger; and as the colour is due to 
the blood shining through the vessels and tissues, we at once 
ascribe the rosy colour of the rabbit’s ear to bright arterial 

* In his lectures on Surgical Pathology ^ Sir James Paget wise y designates 
what I have here calleil congestion, a« detoimination of blood to a part, and 
hniits the terra con gostion to tlie condititon Avhich is present after stasis has 
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blootlfilliiig the arteries and capillaries, and^ the dusky hue of 
the tluger-tip to dark venous blood filling the capillaries and 
vciua. But not only is there a difference in the vessels which 
are diste/ided in these two kinds of congestion, thej'e is also a 
diflerehce in the cun'ent through them. In arterial congestion 
the blood is streaming rapidly through the vessels, bringing a 
constant supply of fresh oxygen and fresh nutriment to the 
tissues, %nd I'emoving the waste products as rapidly as they are 
formed, so that the imt in which arterial congestion is present 
is in the best possible conditions for health and growth, and 
for repair if it should happen to be injured. Tliis arterial * 
congestion is usually distiuguished by tlie term active conges- 
tion. In venous congestion there is no doubt more blOod than 
usual in the part, but it is of no service to it, for it is stagnant. 
Instead of bringing fresh supplies of oxygen and nutriment, it 
remains in the vessels until its oxygen is entiioly consumed, 
and its colour becomes almost black; the products of wa.ste 
accuimdate in it, and interfere with the nutrition of the tissues, 
as the ashes in a grate choke the fire. Xor is its injurious 
action negati^'e only, it is positive as well ; for wiiile it does no 
good itself, it keeps the vessels filled, and prevents any new 
blood from entering them. This is venous, or, as it is often 
termed, pas.sive congestion. Judging by tlie pictures I have 
just drawn of the two sorts of congestion, one would say there 
could be no doubt which was the better, and yet one would look 
more alarmed at the news that some oigan was in a state of 
active congestion tlian if one were informed that riie congestion 
was passive. The reason of this is, that active congestion is 
frequently regarded as almost synonymous with inflammation, 
whereas the two are widely diflerent. Congestion may, and 
very frequently does, exist without inflammation, and infl'am- 
mation sometimes exists without congestion, although generally 
accompanied by it. Nothing is easier than for any one to 
convince himself of the fact that arterial congestion may exist 
without inflammation. Ixst him put his hand into warm water 
for a little while, and on taking it out he will find the whole- 
skill of a uniform rosy-red, showing that all the capillaries are 
dilated and filled with bright blood; the veins will swell Up, 
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become light-blue in colour, and, when emptied by gentle 
pressure, will fill rapidly, showing that they too are full of 
bright blood, and that the circulation through thorn is rapid ; 
the hand will bo larger than before, and rings which pre^ously 
flitted will now be too small for the fingers ; the skin will be 
warmer than before, even when time has been allowed for tlie 
warmth due to the water to pass off ; in fact, three of the signs 
of inflammation, rubor, tumor, et color will be present, 4»ut in- 
stead of the dolor there will be a feeling of great comfort, 
whereby tbe hand signifies to its possessor that it is for the 
5 time being in siipembundant health. Perhaps the experiment 
r is even clearer if, instead of putting his hand into hot water, 
the observer will take a look either at his own or his iieigli- 
‘ lx)ur’s hands after a good dinner and several glasses of wine. 
The same redness and swelling is noticeable, and the warmth 
can also be observed, although no extraneous heat has been 
applied to the surface, as it liad in tlie other experiment. No- 
body would think of calling the hands inflamed in either of these 
two instances, for we all know that in a short time the red- 
ness, &c., will pass off, leaving them in their ordinary condition. 
Some may think, however, that if active congestion were to 
continue for weeks and months, instead of for a few minutes or 
hours, it would lead to inflammatiou in the jiart, but such is not 
the case. What it does lead to is hypertrophy of the part, the 
increased supply of nutrient material furnished by the full 
current of blood leading to increased growth. This was well 
ghown in a mbbit exhibited by Dr. W. Stirling at the recent 
meeting of the British Medical Association in Edinburgh. 
Three months previously, Dr. Stirling had divided the sympa- 
thetic in the neck of the animal, which was young and growing. 
The ear at once became red and hot as usual, and instead of the 
congestion subsiding more or less after some time, as it not un- 
frequently does, it continued almost unaltered up to the time 
of the Association’s meeting. The ears at the time when the 
sympathetic was cut were of the same length, but in three 
months the increased blood supply had caused the congested car 
tp grow so much faster than the other, that at the time of the 
meeting it was a ijuarter of an iuchlonger than its fellow on tlio 
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Opposite side. It is evident, then, that congption is not in- 
flamination, and does not cause it even when long continued. 
That inflammation can take place without congestion, is shown 
not onTy by the fact that it occurs in non-vascular ti/ssues, sucli 
as the cornea and cartilage, but even more strikingly by tlft? 
remarkable observation of my friend Dr. Ainslie Hollis, tlmt 
textural changes similar to those produced by intlainmation in 
higher animals, follow the application of irritants to anemones 
which have no vascular system whatever.* Tlie two processes 
of congestion and inflamniatioii are tlierefore quite dilferent, and 
each can exist independently of the other. Nevertheless, con- 
gestion accompanies inflammation in the great majority of case.s# 
and modilies its progress. While we carefully bear i!i mind ' 
that the two processes are not identical, let us now try to see 
what the connection is between them, and in doing this, let us 
begin by inquiring how congestion is produced. From Dr. Stir- 
ling's experiment, it is evident that a copious supply of blood is 
beneficial to the tissues, and that if all tlie vessels throughout 
the body were dilated, and blood flowing freely through them, 
the tissues in general would be much hotter oil* than they are. 
lliit in order to have these dilated vessels sufficiently full, the 
body would require twice as much blood as it lias ; to supply 
the blood, the digestive organs would need to be lai'ger, and the 
lieart must lie more j)o\verful in order to propel it ; in shorty 
the individual would require to be re-made on a different plan. 
The arrangement, which has been found by experiment to exist 
in animals, is riiucli more economical. The quantity of blood 
ill the vessels is not sufficient to fill them even half full if they 
were all dilated at once,t but by means of the vaso-motor nerves 
which have their centre in the medulla oblongata and spinal 
cord, they are kept in a state of semi-contraction sutlicient to 
enable the blood to fill them. Whenever the vaso-nuAur neivc3 
are divided, the vessels they supply become dilated, so as Uv 
offer little or no I'esistance to tlie flow of blood, and the current 
through them consequently becomes rapid. Thus in the laLdnt 

* Sf. JBariholomew*s MospUal BeporU^ 1874, p. 267. J our ml of Anatomy 
and vol. vi, p. 386 ; vii, p. 80 ; and viii, p. 124. 

t Sclujffj Za 1872, p. 360. 
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tlte vasomotor ^erves for the ear pass from the medulla along 
the cervical sympathetic to the arteries, as shown in rig/ 154 . 
When the cervical sympathetic is cut, the vaso-motor centre 
can no longer exercise any influence on the arteries of the ear, 
dud they dilate as already describid. 

Fig. 154. — Diagram of the Vaso-motor Nerves of the Babbit's Ear. 



But there is anotlier way of malting them dilate, viz., by caus- 
ing the vaso-motor centre to cease to exert its usual influence 
over these vessels, instead of destroying its means of communi- 
cation with them by cutting the vaso-motor nerves. This can 
be done by irritating a sensory nerve to the ear. The irritation 
is conveyed up to the vaso-motor centre, and seems to arrest its 
action over the vessels supplying the part whence the sensation 
ht^ coine, so that they dilate, and the ear gets Ted and hot 
3liis dilatation, in consequence of irritation applied to a sensory 



nefve, is not peculiar to the vessels of the ear-j-it occurs in all 
probability in every vessel of the body; and the dilatation 
from irritation is not confined to the capillaries and small 
arteries— it extends up to the larger hiujiches, so that ^lie artery 
of the part is not only wider than usual, hut it pulsates forcibly:’ 
It is indeed so much greater than that produced by division of 
the vaso'-motor nerve, that some have supposed it to be due to 
nerves cStising the vessels to dilate actively, and not simply to 
yield to the pressure of the blood in them. But this hypothesis 
is unnecessary, for Ludwig has found that irritation of a 
sensory nerve has a douVdo effect : (1) It causes the vessels of 
tlie part to which it is distributed to dilate ; (2) it causes the 
vessels in oLlier parts of the body to contract, so that the general 
blood-pressure is raised, and the blood driven into those vessels 
which are relaxed. The part supplied by the irritated nerve 
consequently gets its supply of blood doubly increased by the 
dilatation of its own vessels, and the contraction of those in 
other parts of the body. So constant is this contraction, that 
Ludwig has employed the increased blood-pressure which it 
causes as an indication that sensory impressions have been 
conveyed to the nervous ceutres,* and its great importance in 
regard to the action of counter-irritants will be hereafter ap- 
parent. I ought to say, however, that the contraction really 
.seems to be universal, and to affect more or loss the vessels of 
the part whose nerves have been irritated, as w’ell as those of 
the rest of the body, hut this contraction in them is more than 
counterbalanced by dilatation. Thus it is that the vessels of 
this part not unfroquently contract before thej dilate, and some- 
times the dilatation is transient, and is succeeded by contrac- 
tion. It may seem strange that the irritation conveyed by a 
sensory nerve to the vaso-motor centre should arrcist its action 
over some vessels and increase it over others ; but this idea 
only' occurs when we forget that what we call the vaso-raotor 
centre is really a collection of ganglionic cells connected with 
nerves going to different- parts of the body, just as a telegraph 
.station may contain numerous instruments, by which messages 
may be sent to different parts of the country. The adaptation of 

♦ Ludwig and Ditliinar, Ludmg's Arheiten-f 1870, p. 4. 
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this arrangemeijt to secure a full supply of blood whenever it is 
wanted is obvious. Now, as I have already said, a copious blood- 
supply not only enables the tissues to grow rapidly, but to repair 
themselves rapidly 'when injured, and a scanty bhjotFslipply, 
V)n the contrary, will cause repair to be slow, and will evwi 
induce death and destruction of a part w^ithout any other lesion ; 
as, for e.\ample, when the circulation is stopped by au.endxdiis. 
The effects of copious blood-supply in accelerating r^air have 
been beautifully shown by the experiments of Sinitzin.* When 
the fifth nerve is divided within the skull, ulcers form on tlie 
cornea, eyelids, and lips. If the superioi'-cervical ganglion is 
torn out, so that the vaso-niotor nerves of the vessels of tlie 
face are destroyed, and the supply of blood to it increased after 
these ulcers have formed, they heal up speedily ; and if the 
gatiglion is lorn out before the fifth nerve is cut, they do not 
form at all. That tlie beneficial effect of cvidsion of the 
ganglion is due to the free supply of blood which it produce,?, 
is shown by the fact tliat it has no action whatever if the carotid 
of the sumo side is ligatured, so as to prevent the destruction of 
the vaso-iuotor nerves from increasing the current. As we have 
already seen, a still greater supply of blood is secured to a part 
by irritating its sensory nerves than by dividing its vaso-molor 
ones, and the utility of this in repairing injured parts is now- 
obvious. When a grain of santl falls into the eye, it irritatc-s 
the sensory ncrve.s, and immediately the vessels of the conjunc- 
tiva fill, as Sinitzin noticed them to do, after evulsion of the 
^ sympathetic ganglion, and the free supply of blood is ready to 
sissist the repair of any damage caused by the sand to tlie 
delicate structures of the eye, besides supplying materials to 
the lachrymal gland for the purpose of washing away tlie 
offendiug body. If the grain of sand is now removed, the 
vessels contract, and the tears being wiped off' everything looks 
as before. There has been congestion, but no inflammation. 
But if the sand remains longer, inflammation occurs, sero- 
fibrinous exudation takes place under the conjunctiva, or pus 
may eveu be formed. 

If we examine the process of inflammation more narrowly by 
* CentraWaU d, med. Wi9sen9chaJtentWJl^'^,lQ\. 
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ttsing the microscope instead of the unaided eye, we find that 
irritation, such as a pinch applied to the web of a frog’s foot, 
causes sometimes briefc contraction, succeeded by dilatation ; at 
other tmes, immediate dilatation, first of the arteries, then of 
the veins and lastly of the capillaries, at the site of irritation,* 
and at the same time, the velocity of the current through them 
becomes greatly increased.* After a while the arteries contract 
again, thiff contraction beginning at a distance from the irritated 
spot, and progressing towards it. Tliis contraction interferes 
with the current of blood, and its velocity in the arteries 
beyond becomes reduced to the normal. Next the capillaries 
cmitract, but the veins still remain dilated ; the current in them 
becomes slow, and white blood-corpusclcs stick to their *side3 ; 
but after a little they also contract, and the normal circulation 
becomes completely restored. 

If a piece of caustic is applied to the web, similar changes are 
produced : all the vessels in the neighbourhood, for some distance 
around, dilate, Jind the blood streams through them with gi'eat 
velocity. But here a remarkable condition makes its appear- 
ance which was not present in the previous experiment. 
Although the capillaries of the injured part remain dilated, and 
the blood is streaming with unabated rapidity in the vessels all 
around, it begins to got slower in them ; the red corpiiscles seem 
to find an impediment in their way, and accumulate in these 
capillaries, like the vehicles in one of the crow'ded streets of the 
City during a block. The cun-ent in the arteries and veins like- 
wise becomes slow ; the so-called lympli-s])aces, which, like side- 
walks, run along the interior of the arterial walls, and are usually 
free from blood corpuscles, become invaded ; the corpuscles oscil- 
late backwards and forwards, as if in a vain attempt to proceed, 
■and then, becoming stationary, seem to form an almost solid 
mass. By-and-by the vessels in the neighbourhood contract 
again, and the current in them becomes normal; but those 
vessels which lead directly into the cauterised part — arteries as 
well as veins-— remain permanently dilated. The stasis in the 
capillaries extends over a wider area ; a few red corpuscles pass 
through the walls of the capillaries, and colourless corpuscles 

* Lbter, PM. Tram., 1853, p, 645. Cahnheim, Ktue U»tersuchui^e», 
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Fia. 156.-~BIocKl-ves»^l8 in norwal conditbn. 


Fig. 166.-~Snme Tossels after the application of an Irritant and commtmco 
nient of Inflammation . 




3 


emigmte ill numbers from t.oth the capiikries awl thu I'Bms 
forming in great measure, if not altogether, the pus with Which 
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we axe familia,r as one of the products of inflammation. After 
the pinch, then, we have had merely congestion; after the 
causti<^ inflammation. But in both we have had a similar dila- 
tation in^ the calibre of the vessels, a similar increase in tlie 
velocity of the circulation. Where, then, are we to draw the 
line between congestion and inflainmatiou ? This question has 
been well answered by Sir James Paget, who says that the line 
appears'^ be crossed “when the circulation, which was rapid, 
begins to grow slower without any diminution, but it may be 
with an increase, in the size of the vessels.” According to 
Cohnheim, the changes which are observed in the diameter of the 
vessels are mere accessories, and not integral parts of the 
inflammatory process ; and he also makes the slowing- of the 
circulation and stasis coincide with the commencement of 
inflammation.* 

There is no doubt about the fact, but it is dilficult to see why 
the blood corpuscles should stand still in a vessel where there 
is no apparent obstruction, and many explanations have been 
advanced to account for the phenomenon. The one which finds 
most general acceptation at present is that of Cohnheim, who 
believes that it consists in some alteration in the tissues, which 
begins in those forming the walls of the blood-vessels, or 
immediately adjacent to them. This opinion is supported by 
the observation of Ey:.ieck,t that sta.si.s may be noticed in 
vessels where the blood has been w’aslied out and replaced by 
milk. The milk globules accumulate in the capillaries of the 
initated part in much the same way as the corpuscles usually 
do. This would seem to show conclusively that it is the vessel, 
and not the blood it contains, which ob.structs circulation and 
leads to stasis. Yet it is hard to see how the appearances 
observed are to he explained thus, and they are exactly those 
Avhich we should expect from th^ blood suddenly becoming 
thicker, and consequently flowing less easily. Both Henle and 
Wharton Jones have adopted this view, the former supposing 
that the blood became thicker, both by the plasma losing water 
by exudation tlirough the walls, and by having the propoxtion 

* Paget» Surgical Patholoff^f lSGl^, p. 227. Colmheiin, ^eue Uultrsuchunffeh, 
t Eyneck, 1870 p. 103, 
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of its albuminous constituents increased. The two brothers, 
Ernest Heinrich and Edward Weber ascribed it, without more 
ado, to coagulation of the blood in the capillaries j and it seems 
to me that the view taken by those two wonderful men^ afthougli 
fong forgotten, is after all the right one.* It does not conflict 
with that of Colinheim, for the coagulation, if sucli be present, 
no doubt owes its occurrence to changes in the vessels. 
Bi-iicket.has found that, while blood remains fluid in Ifiring and 
liealthy vessels, it coagulates in them when they die, so that we 
would naturally expect any injury which lessened their vitality 
would tend to cause coagulation witliin them ; and Wharton 
Jones has actually noticed coagula form in the vessels after 
pressufo upon them. The absence of any fibrinous threads in 
the interior of the vessels of inflamed parts does not in the 
least disprove coagulation ; for, when experimenting with the 
plasma from horses* blood, I have seen tlie contents of a glass 
tube, from 1 to 2^ inches in diameter, in wliich there were three 
layers, the upper one of pure liquor sanguinis, tlie middle or 
liquor sanguinis pins white blood-corpuscles, and tlie third of 
red corpuscles with liquor sanguinis, all apparently fluid. lb 
was only wdien I attempted to turn them out that I found 
coagulation had occurred. Even when turned out, the soft 
clots showed no sign of structure, until they had been squeezed 
in the hand, and then fibrinous threads became perceptible. If 
coagulation thus failed to become visible in such a largo tube, 
tire absence of any easily recognised sign of it in a small capil- 
lary is not astonishing. The chief difficulty in the way of 
accepting Weber's theory is the occurrence of stasis, when 
defibrinated blood or milk is made to circulate througli the 
vessels. But defibrinated blood, when made to circulate in this 
way, takes up something while in the vessels, which re-imparts 
to it the power to coagulate, so that it may form a clot after it 
has issued from the veins. So far as I know, no similar experi- 
ments have been made with milk, but it is possible that it too 
acquires so much coagulating power as to cause stasis. In the 
absence of the requisite data, it is impossible to look upon 

* Virckow*3 Archiv, 1857, p. 162. 

t Bnieko, Virchow'^ ArohiVt lSa7,p, lQ% 
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Weber's explanation of stasis as anything wore than an hypo- 
tliesis ; hut, as I have already said, I am incfined to adopt it, 
and to consider that intlummatiori begins in vertebrates when 
coagul^on occurs in the capillaries, and arrests the flow of 
blood through them. > 

But whether this view be taken or not, the facts are certain, 
that stoppage of the circulation does occur in the irritated capil- 
laries, a»d that the arteries leading to the part are dilated, 
AVhat the cause of the pain in inflammation is, we do not 
exactly know ; but it seems very probable that it depends to a 
great extent on the sti-etchiiig of the vessels, and the nerves 
surrounding them, at or near the site of stasis, by the blood 
whicli is driven into them through the dilated arterietf. For, 
as every one knows, the pain of inflammation is of a throbbing 
chamcter ; it is increased at each time the vessel is distended 
by a beat of tlio heart, smd relieved by lessening the supply of 
blood. Now, the supply of blood can be lessened in several 
ways, and several means, apparently of an entirely opposite 
nature, are used to relieve pain. Supposing that we take as an 
example an inflammation of the tip of the finger, it is easy to 
understand how it may be relieved by pressure on tlie radial 
artery, or by raising the harrd to the level of the shoulder, and 
way be aggravated by allowing the arm to hang dependent by 
the side. But how is it that the pain in the finger may be 
relieved by dipping it in cold water, and also by the application 
of a warm poirltice ? I believe the answ'er to this question to 
be that the cold causes the arteries above the point of stasis 
(Fig. 157) to coirtract — and thus le.'sens tire force of the 
current of blood which is beitrg pumped upon that point. The 
warm poultice, on the other harrd, dilates those capillaries in 
which circulation is still going on, and by thus offering arrother 
charmel to the blood, lessens the force, of the current against the 
point of stasis. It is well known, too, that the pain of a burn 
can he greatly lessened by Iroldirrg the burnt part before a fir’e. 
But, as I can testify from personal experience, the pain is first 
greatly increased before it is relieved. I placed a red-hot coal 
oil the back of my hand until the skin was corrugated and 
glazed. I then held it before a brisk fire for some time. At 

- . 2 a 
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flfst fehe pain b8(»ine so severe that I was tempted to whhdraw 
my hand ; but by-and-by the pa^n became easier; and almost * 
entirely disappeared shortly after I had finally taken uiv band 
away. The explanation of this I fancy to be, that at mst the 
hum caused stasis in the capillaries of the part to which I 



applied the coal, and that the irritation to the sensory nerves 
caused the vessels to dilate, svs in Loven’s experiment. The 
blood being driven down on the obstructed vessels, produced 
distension and pain, which was increased when the warmth of 
the fire caused the larger arteries to dilate still further. But 
after the warmth began to dilate the capillaries of the hand, the 
blood passed through the newly enlarged channels, and its 
impact on the obstructed vessels being thus removed, the pain 
ceased. 

In the days when blood-letting was much in vogue, it was 
found to be a matter of every-day experience that the pain of 
inflammation was removed for a time by opening a vein ; and 
although the pain again returned, the abstraction of a further 
quantity again relieved it. The relief is explained by the 
general diminution in the blood-pressure after phlebotomy 
lessening the tension of the vessels of the inflamed part ; while 
the return of the pain is in all probability due to the fact that 
after the abstraction of blood the vessels contract, so as to 
accommodate themselves to their diminished contents, and thus 
raise the pressure again. Unluckily, however, blood-letting 
does something more than diminish the tension within the 
vessels of the inflamed part in common with those of the rest 
of the body; it drains away the vitar fluid, and serionsly 
impairs the power of restoration. It is evident, therefore, that 



suhfacib regions and vascular areas. ‘4S1 

if ;we can lessen the tension in the vessels of^an inflamed part, 
either by causing the artei'ies to contract or the cai)illaries to 
dilate, we shall do more service to the body than if we .weaken 
the whole of it to relieve a part. This, 1 believe, we can do by 
means of counter-irritants. I have already mentioned that tfie 
application of an irritant causes contraction of the vessels of 
otlier parts of the body, at the same time that it induces 
dilatatifa in those of the injured part, but this action will not 
afford us much help, if all the vessels are contracted alike, for 
then the blood would pour with increased pressure into the 
dilated vessels of tlie inflamed part, and the pain would be*' 
worse than before. But clinical experience shows that irritation 
to the surface of the body will relieve internal pain, and a 
mustard poultice or blister to the side in pleurisy frequently, 
indeed generally, gives more or less relief. And there are 
several facts which tend to show that just as irritation applied 
to difierent portions of the skin will induce definite reflex 
movements distinct from each other,* so irritation applied to 
different parts of the surface will induce Ci>nt)‘action in different 
sets of ve.ssels, a definite correspondence existing between the 
part irritated and the set of vessels which contract. Ludwig 
and Lovent observed that when the sensory nerve of one ear 
was irritated, dilatation of the vessels was sometimes observed 
in the other ear also, although it was much less, and generally 
was replaced by contraction sooner than on the side operated 
upon; and CallenfelsJ noticed that X'inchiiig one ear Ctaused 
contraction in the vessels of the other. Blunging one hand into 
cold water has been observed to cause cooling of the opposite 
liand, an effect ■which must be due to contraction of the vessels. 
But the most imi>ortant experiments on this point are those of 
Zulzer,§ who i)ainted cantharides collodion repeatedly over a 
part of the back of a rabbit for 14 days. At the end of this 
time he found that the vessels underneath the skin were mucli 
dilated and filled with Idood, and the superficial muscles were 

. ^ Sanderd-Ezn, 1S6T) p. 11. 

t lAtdiviys Arbeiten, 1866, p. 11. 

J Callenfele, rtf il/ed., 1855 ; Bd. vii, p. 191. 

I Eiilater, lyeufsoU Klinik, 1866. 
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hypersemui. Thcipe of the deeper layers, on the contrary, as well 
as the thoracic wall, were much paler than on the uninjured 
side, and even the lung itself w'as anjemic. When a hair seton 
was left in-the knee of a rabbit for four weeks, suppuration was 
induced immediately around it, but the mu’scles around the 
joint, and the joint itself, were very aumnic when compared 
with the corresponding parts on the uninjured limb. 

Supposing that the eftects of blisters on man are ^nilar to 
those upon rabbits, we can understand the benefits derived from 
their use in inflammation of internal organs. If the pericai-diuni, 
pleura, or lung itself is inflamed, the application of a blister to 
the chest will cause contraction of the arteries in them, and 
lessen tlie pain, just as pressure on the radial or brachial would 
do in inflammation of the finger. Their beneficial action in 
pericarditis is well illustrated by two cases wdiich, in the 
absence of Dr. Church, I lately had under my care. J, E., a 
male aged 25, was admitted into John Ward on September 13, 
sufiering from a first attack of rheumatism. Both wrists and 
knees were swollen and painful. At 11 o’clock on the morning 
of admission the heart sounds were normal. At 2 p.m. a distinct 
pericardial friction was heard, A blister was applied over tin; 
cai'diac region, blisters to both wrists, and poultices to the knees. 
Next day the friction had entirely gone, and the pain in the 
wrists disappeared, although it still continued in tlie knees. 
On the succeeding day a friction sound was again audible, but 
the pain in the wrists never returned. A blister was again 
applied to the cardiac region. Next day the friction bad dis- 
appeared, and did not return. No increased dulncss in the 
cardiac region could be detected. E. B., a female aged 16, wa.? 
admitted for scarlatina into Elizabeth Ward, on September 6. 
On the 13th an acute attack of rheumatism came on, with 
swelling and pain in the wrists, and distinct pericardial friction. 
In this case also a blister was applied to the cardiac region 
within four hours of the appearance of the friction. Ne^t day 
the friction had entirely disappeared, the pains in the wrists 
Were less, and on the succeeding day were entirely gone. 

In both of these cases 1 believe that, had we been able to 
examine the pericardium at the time the blister was a^)lied, wc 
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should have found the membrane dry and injected, without any 
deposit whatever on its surface. The irritafion caused by the 
application of the blister to the thoracic wall acted reflexly 
through the vaso-inotor centre in the medulla oblongata, and 
induced* contraction of the pericardial arteries, and a more*Dr 
less complete return to the normal condition. In the case of 
E. B., it might be said that perhaps the friction would have 
disappeared even liad no blister been applied ; but it is impiob- 
able that in the case of J. E. it would have reappeared on a 
succeeding day, had its first disappearance been spontaneous, 
and not the elfect of the blister. The cessation of pain in the? 
joints I also attribute to contraction of the arteries in them, 
induced by the blister, whicii had thus had an elfect similar to 
tliat of a hair seton in Ziilzer’s experiment. Sev'cral other cases 
of acute rhe\imatism which I have had under my care this 
autumn have convinced me of the efficficy of blisters to the 
Joints in young persons, especially those suffering from a first 
attack, and in whom the vessels and tissues are probably 
normal ; but in elderly persons who have suffered from repeated 
attacks, the benefit derived from blistei’s has not been great. 

Having now considered the action of blisters as counter- 
irritants, let us turn for an instant to their action as iiTitants. 
One of the best means of treating a callous ulcer is to blister it 
Here the irritation of the blister dilates the vessels around the 
\dcer, and by affording a free supply of blood, bringing fresh 
oxygen and fresh nutriment, the ulcer is healed just like those 
on the eye in Sinitzin’s experiments. 

Tlie points wdiich I have tried to show in this paper are— 

1. That dilatation of blood-vessels, and a rapid circulation 
through them, is advantageous for the tissues, and leads to 
increiised growth and more rapid repair. While this arterial or 
active congestion is beneficial, venous or passive congestion is 
injurious. 

2. The application of an irritant induces dUatatipn of the 
vessels, and a free current of blood through them. This will 
help to repair any injury done to the ti.ssue^ by the irritant, so 
that the injury, to a certain extent, brings its own remedy. 

3. Arterial congestion and inflammation are entirely different 
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from and independent of each other, although they geiieTally 
occur together. ' 

., 4, Arterial congestion passes into inflammation when stasis 
begins to occur in the capillaries. 

■ *5. Stasis is not improbably due, as supposed by the 'brothers 
Weber, to coagulation of blood in the capillaries, the coagulation 
being induced by changes in the ti.ssues composing the walls of 
the vessels, or immediately surrounding them. 

6; Pain in an inflameil pait is probably due to distension of 
vessels and pressure on nerves by the blood being pumped with 
“Violence through the dilated arteries against the obstruction in 
the capillarie-s, 

7. Path may be relieved by lessening tension in various ways ; 
by positifin — by cold — by warmth — ^by blood-letting — by counter- 
irritants. 

8. Cold probably relieves tension by contraction of the arteries 
going to the inflamed part, ■warmth by dilating tlie capillaries of 
the surround.ing parts, and thus drawing away the blood from 
the seat of inflammation. 

9.. At the same time that an irritant causes dilatation of the 
vessels in the part to which it is applied, it causes contraction 
of the vessels in other parts of the boJ\'. 

10. It is probable that it does not cause contraction in all 
parts alike, but that definite areas of skin correspond to definite 
sets of internal vessels. 

11. The relief of pain produced by a blister in pleurisy, 
pneumonia, or rheumatic inflammatiou of a joint, is probably 
due to reflex contraction of the arteries in these parts. 

12. Blisters ai‘e useful in lessening congestion in pericarditis, 
and in relieving the pain of inflamed joints in rheumatism.* ^ 

13. The benefit derived from their use in young persons, 
especially those suffering from a first attack, is very great In 
elderly persons it is inconsiderable. 

14. The beneficial action of a blister in callous ulcer is prob- 
ably diie to the increased supply of bipod to the part, induced 
vhy its Applicatibn. 

f Infciroduced by Dir; Herbert Davies^ XoaicJ. 



A SIMPLE METHOD OF DEMONSTRATING 
THE EFFECT OF HEAT AND POISONS 
UPON THE HEART OF THE FROG. 

(From the Journal of Anaioniy and Physiolayy^ vol. x, 187^.) 

The fact tliat heat accelerates and cold retards the pulsations of 
tlie heart, is one of sucli fundamental iinjiortance, both in regard 
to a right understanding of the quick pulse, which is oiw of the 
most prominent synip0ms of fever, and to a correct knowledge 
of the proper treatment to apply when the heart's action is fail- 
ing, that for the last year or two I have been accustomed to 
demonstrate it as a lecture experiment. The apparatus I use is 
exceedingly simple, but it answers its purpose well, and by its 
means the pulsations of the frog’s heart can bo readily shown to 
several hundred persons at once. I exhibited it at the meeting 
of the British Medical Association in Loudon more than tvro 
years ago, and a description of it appeared in the British Medical 
Journal for August 23, 1873 ; but as I have reason to believe 
that few physiologists have seen either the instrument or its 
description, it may not be amiss to say a few words regarding it 
here. It consists of a piece of tin plate or glass 3 or 4 inches 
long and 2 or 3 wide, at one end of which an ordinary cork cut 
square is fastened wdth sealing-wax in such a manner that it 
projects half an inch or more beyond the edge of the plate. 
This serves as a support to a little wooden lever about 3 inches 
long, a quarter of an inch broad, and one-eighth of an inch thick. 
A pin is passed through a hole in the centre of this lever, and 
runs into the cork so that the lever swings freely about upon it 
as on a pivot. • The easiest way of making a hole of the proper 
size,, is simply to heat the pin red hot, and then to bum a hole 
in the lever with it. To prevent the lever from sliding along 
the pin, a minute piece of cardboard is put at each side of it, 
•and- piled to prevent friction. A long fine, bonnet straw or 
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section of one is then fastened by sealing-wax to one end of the 
lever, and to the 'other end of the straw a round piece of white ' 
paper cut to the size of a shilling or half-crown, according to 
convenience, is also fixed by a drop of sealing-wax. Iflie pin, 
Tlfhich acts as a pivot, should be just sufficiently beyond the 
edge of the plate to allow the lever to move freely, and the lever 
itself should lie flat upon the plate. Its weight too, increased 
as it is by the straw and paper flag, would now be tcci»great for 
tlie heart to lift, and so it must be counterpoised. This is 
readily done by clasping a pair of bull-dog forceps on the other 
^ end. By altering the position of the forceps the weight of the 
lever can be regulated with great nicety. If the forceps are 
drawn ‘back as at c, Fig. 158, the flag is more than counter- 
balanced, and does not rest on the 1|eart at all, while the 
position a brings the centre of gravity of the forceps in front of 
the pivot, and increases the pressure of the lever on the heart. 
The isolated frog’s heart is laid under the lever near the pivot 


Pig. 158.***ln8truzaent for showing the Action of Heat and Cold and of Poisons 

on the Frog's Heart. 



and as it beats the lever oscillates upwartls and downwaids. If 
the tin plate be now laid on some ponnded ice the pulsations 
will become slower and slower, and if the room be not too 
warm the heart may stand completely still in diastole. On 
removing the plate from the ice the pulsations of the heart 
become quicker. If a spirit-lamp be now held at some distance 
below it the heart beats quicker and quicker as the beat 
increases, until at last it stands still in heat tetanus. On again 
cooling it by the ice its pulsations recommence. At firet they 
are quick, but they gradually become slower and slower. Oh 
applying the spirit-lamp they become quicker, and by 
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raising the temperature sufficiently the heat tetanus is converted 
into heat rigor. Then no application of cold has the slightest 
effect ill restoring pulsation. 

ISTot^^nly the effects of heat and cold, but the effect of sepa- 
rating thb venous sinus or the auricles 1‘roni the ventricle cwi 
readily be shown with this apparatus, as well as the action of 
various poisons. The best for the j>urpose of class demonstra- 
tion is ly^uscaria. A drop of saline solution containing a little 
of the alkaloid being placed oii the hejirt, it ceases to beat 
entirely. If a drop of atiopia solution be now added the beats 
reconinieiice. I have seen tliem do so on one occasion after^ 
they had entirely ceased for four hours. Wlien used for demon- 
strating the action of poisons the wooden lever slii)uld be 
.cover(3d with sealing-wax, so as to allow every particle of the 
poison to bo washed off' it, and thus prevent any portion from 
being left behind and interfering with a future experiment. By 
attaching a small point to the end of the straw in place of the 
paper Hag, tracings may be taken upon smoked paper fixed on a 
revolving cylinder. 



PHTSIOLOGICAL ACTION OF THE BAEK OF 
ERYTIIROPIILEUM GUINENSE (OASGA. 
CASSA, OR SASSY BARK). 

In conjunction with WALTER PYE, M E.C.S. 

'(From the Proceedings of the Royal Society^ No. 172, 187f5.) 

(Abstract.) 

1. Ifr diminishes oxidation, and thus prevents fresh vege- 
table tissues from coinnmnicating a blue colour to tincture of 
guaiac. 

2. It does not hinder the development of the yeast-fungus 
nor the germination of seeds. 

PemciUium grows freely in a solution of it. 

3. A watery solution of the alcoholic extract prevents the 
development of Baderia, but one of the watery extract does 
not do so. 

4. It does not de.stroy the life of Bacteria or Infusoria. The 
motion of cilia is not arrested by it. 

5. It arrests amoeboid movement in leucocytes. 

6. It has no action on fresh muscular fibre; but muscular 
tissue, when kept in a solution of the alcoholic extract for some 
days, undergoes extensive fatty metamorphosis, but does not 
t)ecome putrid. 

It does not alter the sensibility of muscle to electrical stimuli, 
nor does it diminish its lilting pow’cr. 

7. It has little, if any, poisonous action on the Inverte- 
brata. 

8. It has a comparatively slight action on fishes and frogs. 
The symptoms produced by its administration are failure of 
muscular power, preceded by irregular muscular movement. 

9. On birds a small dose produces violent vomiting and 
irre^ilar muscular movements, with difficult respiration. These 
symptoms are followed by loss of muscular power and death. : 
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. ID. In cats and dogs the symptoms are restlessness, nausea 
^succeeded by violent vomiting, spasmodic jerks of tho limbs 
during locomotion, quickened respiration, staggering gait, 
inability to stand, and death generally during a convulsion 
of an emprosthotonic character, apparently connected witlh 
an attempt to vomit. Consciousness seems to be preserved to 
the lastf V-..' 

When injected sixbcutaneously, although it produces violent 
vomiting, it never purges; division of the vagi before its 
administration lessens or prevents the vomiting usually 
observed, as well as tho other symptoms of distress ; and 
in one instance a dose which woxild ordin.irily have been 
speedily fatal produced no apparent effect in an animal thus 
operated on. 

11. When injected into the stomach of a cat it produces 
violent vomiting and purging. Sometimes this is followed by 
recovery, in other cases by loss of muscular power and death. 

12. Injection of atropia does not prevent death ; and although 
in one case it prolonged life for two hours, in other instances it 
seemed rather to accelerate a fatal issue. 

13. It causes the heart in frogs to pulsate more slowly; the 
ventricle becomes irregnlavly contracted, leaving pouches over 
the surface, and finally is arrested in systole ; the auricles con- 
tract for some time longer 

14. In cats the ventricle also becomes irregularly contracted 
before finally stopping. 

15. In frogs it causes no rise of the blood-pressure in the 
aorta, but raises the oscillation of the mercurial column con- 
nected with the vessel to three times its previous height, 

16. In cats and dogs moderate doses injected into the jugular 
vein first raise tho blood-pressure without altering the rate of 
cardiac pulsation or the extent of oscillation at each beat; they 
then slow the heart by stimulating the roots of the vagus. The 
tension rises, notwithstanding the slowness of the heart’s beats. 
An additional dose paralyses the ends of the vagus in the heart,, 
and quickens its pulsations; the pressure rises slightly. A 
further dose again slows the heart by acting on its ganglionic 
apparatus, and the beats sometimes fall as low as three per 



46b OK THE PHYSIOIOGICAE AOTIOK OP CASCA BAKE. 

minute, three or four respirations occurring during each cardiac 
diastole. Notwithstandiug the very slow action of the heart,’ 
the pressure may remain as high as 165 millimetres of mercury, 
a fact which indicates that the arterioles are in a state of 
extreme contraction. After the heart has ceased, the pressure 
falls very slowly. Slight pulsations of the ventricle occasionally 
occur when the thorax is opened. 

17. Small doses do not seem to increase the excifeibility of 
the peripheral ends of the vagi to electrical stimuli ; moderate 
and large doses paralyse these nerves. 

18. After injection of casca into the veins of an animal com- 
pletely narcotised by chloroform, electrical irritation of the 
central end of the divided vagus of one side, the other remain- 
ing intact, is follow’ed after a short interval by marked slowing 
of the pulse, fall of blood-pressure and incretised oscillation. 

19. When injected into the veins of a cat after division 
of the spinal cord opposite the second cervical vertebra, the 
blood-pressure rises to a greater height than is attained under 
other conditions. 

20. When in the rabbit the sympathetic has been divided in 
the neck on one side, subsequent injection of casca into the 
jugular vein produces pallor of the recently congested ear of the 
side cn wliich the division had been made. 

21. When locally applied to the web of a frog’s foot tem- 
porary slowing of the circulation w'as observed, but no alteration 
in the diameter of the blood-vessels. 

When injected beneath the skin of the back of a frog it pro- 
duces no visible effect on the vessels of the web. 

22. It does not appear to posseas any special action on reflex 
excitability. 

23. In moderate doses it increases the secretion of urine at 
the same time that it raises the blood pressure. Further doses 
diminish the seci’etion, while they raise the pressure yet more ; 
and at the time when the pressiire reaches its maximum the 
■secretion of urine is entirely arrested. When the pressure 
begins to fall the secretion of urine again commences. The 
urine collected after the recommencement of the secretion waa 
not albuminous. 
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24. Wlien injected into a loop of intestine it does not 
* increase the secretion, nor does it produce teny distinct con- 
gestion. 

25. ^hen applied to the ej'^e it luis no action on the 
pupil, nor does it cause congestion of the conjunctiva or 
lachrymation. 

26. When administered to a pregnant cat it did not produce 
ahortion.f 

27. The temperature of the body is not affected by adminis- 
tration of the drug. 



• ON THE PHYSIOLOGICAL ACTION OF 
CASCA BARK. 

In conjunction with Walter Pye. 

(Reprinted from SI. BartKolomen'g JTospifal Keports, 1876, toI. xii.) 

The practice of subjecting persons suspected of crime Or 
witchcraft to an ordeal by poison prevails very extensively 
along tthe western coast of Africa. The poison employed is 
not the same along the whole coast-line. In Calabar, which 
lies about the middle, the natives employ tlie bean of the 
Physostigma venenosum, or, as it is genemliy called, the Calabar 
bean. To the north of Calabar, in Sierra Leone, and to the 
south, in Angola, the favourite ordeal poison is not a fruit, 
but a bark, which bears in different districts the names of 
“doom,” “ gidu,” and “ sassy,” “ saucy,” “ cassa,” or “ casca,” This 
bark is obtained from the Erythrophleum Gu'ineim, which, like 
the Physostigma venenosum, belongs to the natural order Legu- 
minosce. The bark is of a brownish-red colour, is in pieces 
about 8 inches long, 4 broad, and between ^ and J thick. 
AVhen treated with water it yields a bro\vni«h-red infusion. 

There are two ways in which it is employed by the natives. 
One is to make the suspected person fast for several hours, and 
‘then to give him a few grains of rice and some infusion of the 
bark. If he vomits all the grains of rice and is not purged, he 
is said to be innocent ; but if he is purged, he is pronounced 
guilty The other way is to bend both ends of several boughs 
of trees into lire ground so as to form a long archway, through 
which tlie accused walks iu a stooping position after a dose of 
the infusion has been administered. If he is able to walk 
through without stumbling, he is considered to be innocent; 
hut if he stumbles, he is said to be guilty and at once der 
r^atched. The chief effects of the iK)isoft by which the jinn.o- 
' ce«cc or guilt of the accused are decided are thus vomitiog, 



' GBSjaiAL ACTIOS; 463 

purging, and loss of muscular power or co-ordination. The 
effects of the poison on man, as described by aome missionaries, 
are vomiting, redness and glazing of the eyes, and loss of the 
power 6f contracting the muscles throughout the body ; so that 
when the*poison has fairly commenced its action on uie system, 
the sufferer is incapable of standing or walking, and the head 
rolls heavily about the breast and shoulders. Its action on 
animals |lfas tried by Santos,* wlio says that the decoction pro- 
duced alternate dilatation and contraction of the pupils, 
appearance of delirium, violent retching, vomiting, symptoms of 
tetanus, and finally death. Professor Liebreich has also in-, 
vestigated its physiological action, but we have not yet seen a 
full account of his experiments. , 

A small quantity of the bark having been brought from 
Angola by Mr. Monteiro, who had obtained it with consider- 
able ditliculty, ho kindly gave it to us, aud M’e began a minute 
investigation of its physiological action, so as to ascertain not 
oidy the exact manner in which death is produced by the drug, 
but the mode in which the various functions are affected by it, 
and its possible uses iu medicine. 


Gcmml Action of Casca. 

Beginning our experiments with the simplest forms of life, 
and proceeding to the more conjplex, we found that a watery 
extract of the bark did not interfere iu the least with the ger- 
mination of seeds ; it did not hinder the growth of the yeast 
fungus, and ordinary mould (PenicilHiivi) grows freely in it. 
It does not destroy full-grown bacteria nor infusoria ; nor does 
a watery solution of the aqueous extract prevent the develop- 
ment of bacteria, but a watery solution of the alcoholic extract 
does so, a fact which seems to indicate the presence in the 
alcoholic extract of some principle which is absent from the 
aqueous extract. It has little or no action* on invertebrate 
animals such as snails. On fishes and Irogs its action, though 
much less than on warm-blooded animals, is nevertheless quite 
distinct, its administration being followed by irregular mus- 

* American Journal of Pharmacy , April, 1849, p. 
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eular mweinont? and failure of jmtisciTlar ppweip. Birds Are 
easily affected by it, a smalf dose producing iddlenfe vomiting < 
and irregular muscular movements with ^ifflcuit :^’espir^^ 
These symptoms are followed by loss of muscular po^er and 
death. 

In cats and dogs it causes restlessness and nausea succeeded 
by violent and repeated vomiting. The respiration is very 
much quickened. The first symptom of any affeciiipn of the 
locomotor organs in cats is a peculiar jerk of the hind lihibs, 
as if something were sticking to the feet, and the animal were 
I trying to shake it off while walking; tlien the gait becomes 
staggering, and the animal ceases to be able to stand. Deatli 
generaHy occurs during a convulsion of an emprosthotonie 
character, apparently connected with an attempt to vomit. 
Consciousness seems to be preserved to the last. 

The symptoms observed by us thus agree in most respects 
with those described by Santos, but we saw no appearance of 
delirium, nor any alternate contraction and dilatation of the 
pupil, although we looked for it cnwifully. 


Analysis o f (he Sym^Homs produced hy Casca. 

Vomiting and Purging . — It has already been mentioned 
that while vomiting in those subjected to the ordeal by casca 
ii i?6gajided as a sign of innocence, purging is considered to be 
a proof of guilt. It is stated tliat tlip priests who prepare the 
infusipn are able to produce either effect at will, the clear 
' infusion being given to those whom they wish to prove inno- 
cent, while the dregs are administered to those who have 
them, or wdio at any rate have not propitkted them. 

■ order to ascertain whether this was so or not we adniinis- 
an infusion without the dregs to one cat, and an infusion 
.^with tbe dregs to another; but the result was contrary to 
what ,W0 expected, the one which had got the dregs recovering, 
,jWhi^ the other died. This might, however, be duo to the fact 
Ihe infnsion with which we operated was prepared from 
Jj;^ly;rppunded bark, which would readily yield up its active 
principle to water, while the infusion is probably prepared by 
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Ijark, from which water 
^ wotilcl extract. the poison more slowly; and if ^ only allowed to 
remain a short time in contact witli the bark, the infusion 
would %e comparatively weak, while the dregs tjiemsclves 
would yield np their active priueijde in the stomach afte? 
being swallowed, and thus have a much more powerful action. 
The purging is due to tlie local effect of tlie ])oison on the 
intesthiei^ for it only occurred when the poison was given by 
tlie luoiith, and wiis never present when the drug was admin- 
istered by subcutaneous injection. Vomiting, on the contrary, 
occurred as constantly wlien the casca was injected subcu- ’ 
taneously as when given by the mouth. Tlie vomiting after 
subcutaneous injection of the drug is probably due to it3 being , 
•carried with the blood to the stomach, and irritating the sensory 
nerves of that organ in much the same way as when introduced 
directly into it. The reason why we believe the vomiting to 
bo duo to irritation of the nerves of the stomach rather than to 
the action of the drug upon the vomiting centre in the medulla 
oblongata, is that when the vagi nerves w^ere divided in the 
neck of one cat, a dose which wouhl ordinarily have jiroved 
fatal produced no vomiting, nor indeed any of the usual 
symptoms. In other cases where vomiting’ occurred even after- 
division of the vagi, it was less than usual, and it might be due 
to the irritalioii being conveyed from the stomach to Ihe: 
medulla hy branches of tlie solar plexus instead of by the vagi: 
The purging is probably due to increased peristaltic action rather 
than to increased secretion, for infusion of casca in trod need Into 
:a loop of intestine produced no increased secretion, as a solution 
’of sulphate of magnesia would have done. 

Musmlar Weakness . — ^WanfcoE power to walk properly is tht) ■ 
•second symptom regarded as a proof of guilt in those subjccfed 
to the ordeal, those Avho atumblc before they reach the end of 
tlie archway of boughs being at once executed. In attempting 
to ascertain the cause of tliis loss of power, we worked back^ 
wards thus : The motions of the limbs are due to the contrietion:;' 
of muscles. The contraction of muscles is duo to the stitnuU^ . 
they receive from motor nerves. The stimuli which * 

down motor nerves to muscles j»roceed from nerve-centres ir ■ 

. 2 W 
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the spinal cord or encephalon. Thus loss of muscular power 
Mxay be due to loSs of power either in the muscles themselves— ' 
in the motorneiwes which supply them— or in the nerve-centres 
in the spinal cord or encephalon. . ^ 

® Action m Muscles , — This was tested by laying one gastro- 
cnemius of a frog in a solution of casca, and the other in an 
indilferent liqtiid, such as a *75 per cent, solution of common 
salt. After some time the excitability of the two rajascles by 
electrical stimuli was compared, and also their power to life 
weights, They were found to be equal. This showed that 
casca was not a muscular poison, for had it been so, the muscle 
immersed iu a solution of it Would have lost its excitability 
before "the other, and its pow'er to lift a weight would liave 
been lessened. 

Action on Motor Nerves . — In oi’der to. ascertain whether the 
motor nerves were paralysed or not, the artery going to one 
leg of a frog was ligatured and the poison injected under the 
skin of the back. The poison was thus carried to every part 
of the frog except the ligatured leg. Immediately after death 
the excitability of the motor nerves was tested by the appli- 
cation of an induced electrical current from a Du Bois Key- 
mond’s coil. It was found that the motor nerves of the leg to 
which the poison had been carried by the blood were not para- 
lysed, and were quite as easily excited as those of the other 
leg from which the poison had been excluded by ligature of the 
artery. The poison, therefore, does not paralyse the motor 
nerves. 

Action on the Spinal Cord . — Some time after the injection 
of casca under the skin of a frog the movements of the 
animal become more sluggish, are imperfectly performed ; 
and when the toes are pinched, the foot is either moved lazily 
or not at all, instead of being promptly drawn up, as it 
normally is. The reflex activity of the cord is thus seen to 
be impaired, but we must not hastily conclude that this impair- 
ment is due to the direct actioii of the drug upon the nervous 
Structures; for imperfect circulaition of blood through the brain 
and spinal cord quickly deprives them of their power,: and 
raithot^b stoppage : of , , the circulation does not abolish the 
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fnhctioiial power of the nerve-centres so quickly in the frog as 
ill warm-blooded aniinaLs, it nevertheless does so after a time* 
In or(j||pr to discover whether the casca. destroyed the power of 
the spinqj cord by acting directly upon it or not, its action upqn 
the heart was investigated, and we found that a short time after 
its administration it arrested the pulsations of that organ. It 
seemed, therefore, quite possible that the loss of power in the 
spinal efe’d was simply due to stoppage of the heart by the 
poison, but of course tliis was only probability, as the casca 
might act both on the cord and the heart. We decided this^ 
point, however, by administering casca to one frog, and waiting 
until the heart had stopped. The instant it had don^ so, we 
arrested the circulation in a frog of a similar kind and size by a 
ligature around the large vessels ns they arose from the heart. 
In these two frogs the circirlation was eqiuilly arrested, but in 
one of them the poison had been px-eviously canned by the bloml 
to the spinal cord, and could still act upon it although the flow 
of blood was stopped. If the casca had any paralysing action 
upon the nervous structures of tlxe cord itself, reflex action 
ought to have ceased i)i the poisoned frog before doing so in the 
ligaUirod frog, but tins was not the casa In both frogs reflex 
action ceased in almost exactly the same time. The abolition 
of the fnxiction of the spinal cord is therefore due to stoppage 
of the circulation caused by the casca, and not to the action 
of the drug upon the cord itself. The staggering gait, inability 
to stand, and paralysis which we have observed in dogs and 
oats, we attribute, like the paralysis in frogs, to disturbance 
of the circulation, and not to any special action on the nerves 
oeiitrcs. 

Action on Ciretdation. Action on the Heart . — The first action 
of casca upon the heart of the frog is to cause it to beat moi'e 
dowly, then the ventricle becomes irregularly contracted, some 
parts of it' being firmly contracted and white, while liere and 
there other ppints are not contracted, and being filled with 
blood, Ipok like little red pouches studding the cardiac surface. 
Finally, the ventricle stops altogetlier in a state of contraction, 
while the auricles continue to pulsate for some time longer. 
In cats alee the ventricle sometimes becomes irregxilavly con- 

■ 2'h-2 
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fcracted before finally stoppirig, the lower part of the ventricle 
iii one expeiiment having been contracted, while the upper half 
was not, so that the lower half appeared to be partly pn^ed iip 
i^to the upper in sucli a" way as to protluce a deep transvei’se 
wrinlcle across the middle of the ventricle. 

Action on the VaQxis . — It will be seen from the description 
thus given that the action of casca tipon tlie heart of the frog 
is almost exactly like that of digitalis, as descriljed by Messrs. 
Fagge and Stevenson.** Further expoimeiits have shown us 
tljat casca also resembles digitalis in its action upon the vagus. 
A moderate dose of casca injected into the jugular vein first 
slows the heart, a further dose greatly quickens it, and another 
large dose again slo-sv.s it. The first slowing is due to stimula- 
tion of the vagus roots in the medulla oblongata, for when the 
vagi are divided so as to ent the communication between the 
medulla and the heart, the pulsations again become quick. The 
quickening which a large dose of casca produces when the vagi 
.are uninjured is due to its paralysing the ends of these nerves 
in the heart, and thus destroying the communication between 
this organ and tlrl medulla quite as effectually as the division 
of their trunks by the knife. When the nerves, as they pass 
down the neck, are irritated by an induced galvanic current in 
tJieir normal condition, they slow the pulsations of the heart, or 
stop it altogether ; but after the irrjection of ca.sca has paralysed 
their ends in the heart, no irritation of their trurrks has any 
power to slow its pulsations. The final slowing produced by a 
large dose of casca must be due to the action of the dnrg upon 
the ganglionic apparatus within the heart itself, as the vagus 
ends are already paralysed. The extreme slowness Of the heart 
in this stage is sometimes very remarkable, as in one experiment 
there were only three pulsations per niinute, only one occurring 
in the time occupied by three or four respirations. 

Action on the Blood-vessels . — Casca has a most extraordinary 
Ijower of contracting the blood-vessels. This is indicated by 
the pressure of blood within the ves.sel8 becoming high after its 
injection, potwithstanding the slowness of the heart’s actioh ; 
but it is proved most unmistakably by the fact that during the 
• Pr6cer!lii>o»of t^ Swie'y, toI. xiV, p. 270* 
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long diastolic pauses the j)ressure does liot sink as it ordinarily 
does, but sometimes remains as liigU as ito millimetres Of 
mercujjj% When the arterioles arc in their normal condition as 
regards jlilatation, the blood flows readily out of tlio arteries 
into the veins, and the pressure rapidly falls in the arterial 
system during the cardiac diastole. When the arterioles are 
much contracted, however, as after the administration of casca, 
the flo^v^of the blood out of the arterial into the venous systenii 
is impeded, the arteries remain fnll,and the tension of the bloock 
within them high. 

Digitalis also contracts the arterioles and causes the fall 
j)i’cssure during the cardiac diastole to be slow. The mode in 
which casca and digitalis produce contraction of the blood- 
vessels, however, seems to be diiiereut. Digitalis causes it by 
stimulating tlie vaso-motor centre in the medulla oblongata,, 
and this centre acts through the vaso-niotor nerves upon thc: 
vessels. These nerves pass dowm from the medulla, through 
the cervical part of tlio spinal cord, along the splanchnics, &c,, 
to the vessels. Consequently, wdion tlie communication between 
the vaso-motor centre in the medulla oblongata and the vessels 
is destroyed by dividing the cervical ami spinal cord, the 
vessels dilate, and no stimulation of the vaso-motor centre has 
any power to cause them to contract. Tlie contraction usually 
produced by digitalis, tlicrofore, does iiob occur if thc cord be, 
divided before its injection, and is removed if the cord be 
divided after cojitraction lias already taken place. This is not 
the case wdth casca, however, for wo found that after the 
spinal cord liad been completely divided in a cat opposite tho 
second cervical vertebra, the blood-pressure after the injectioir 
of casca rose higher than in any otiicr. experiment. The casca 
must therefore act cither on thc blood vessels themselves, the 
vaso-motor nerves, or soma vaso-motor centre not contained in. 
the medulla* 

A further proof that casca acts on peripheral ^^e.so-motor 
ganglia or nerves is afforded by an c.xporiment in which the- 
sympathetic nerve was divided in the neck of a rabbit, so as. 
to s^yer the connection between the vaso-motor centre and 
the vessels of the ear on one side. On the other the nervea 
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w|^ left hitacte , * dose of Oasda tlie vessels 

(Mirs beeanie pale, aM ' apparently there was no differ^ 
ea<^‘^' Wtween them.- in the el^ with the divided nerve^nd iu 
t^e^other. ' ■ ; i 

We are rather inclined to the supposition that it does act on 
some, such centre or centres — ^passibly ganglia— in or around 
the vessels themselves, because the local application of casca to 
a frog's foot, or its injection under the skin of the baefe, causes 
no contraction in the vessels of the web, as one would expect it 
to do if it acted on the vessels themselves. The arterioles begin 
^to contract after a small dose of casca before any effect is 
produced on the vagus, so that the hlood-pi’essure begins to rise 
before the pulse becomes slow. The contraction also seems to 
last after the vagus is paralysed, and even after the heart has 
ceased to heat, so that when the animal is dying the blood- 
pressure falls very slowly. 

The contraction of the vessels after the injection of casca is 
iipt confined to tliose which arc under the dominion of the vaso- 
auotor centre in the medulla. It has been shown by Ludwig 
;;and Hafiz that while this centre can cause contraction of the 
vessels going to the intestines, it has little or no power over 
those supplying the muscles. Thus it hapi^ens tliat when this 
• csentre is irritated the blood-pressure does not remain high 
■during the cardiac duistole, as one formerly supposed it would 
■ do; for although the intestinal arterioles are finuly contracted, 
and prevent any blood from flowing into the veins, the arteries 
•of the muscles remain uncontracted and the blood flows rapidly 
thri^gh them. As the blood-pressnre after the injection of 
oas<^ remains so high during the cardiac diastole, the arterioles 
in the muscles must be contracted as well as those in the 
intestines. In its mode of action upon the blood-vessels casca 
differs from digitalis, but agrees with ergot, which seems to 
cause contraction by acting rather upon peripheral vaso-motor 
nWVes or ganglia, or bn the muscular wall of the blood-vessels, 
ihair on the vaso'^^ 

jMionon the Kidneys.-— A& the action of casca on the biwsulnr 
8^^ resembles that of 4igif*ihs> it : seeined net 

ii^tobable •that it • -ninglit tllsn have •»' ^itretic action, endive 
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iM^ordingly proceeded to try ’#liethetlTit had or hot. The 
inenner in which we experimented! wali ae foifows. A do^ 
ansesthetised with cljloroform, the anaesthesia being kepi dp 
diiiing <iio whole operation. A cannula was plaeed in one 
ureter so that the urine dropped from the kidney as -fast as it 
was secreted, and the rapidity of secretion could be ^adily 
ascertained. The carotid artery was connected with a kymo- 
giaphioif and the blood-pressure measured. On then injecting 
a dose of casca into the jugular vein, we found that the blood- 
pressnre rose and the urine began to be secreted more rapidly. 
An additional dose raised the blood-pressure still higher, bur 
the secretion of ujine began to get slower instead of quicker, 
and when the blood-pressure had risen to its maximum the 
secietion stopped altogether. After a while the blood-pressure 
began to fall, and the secretion again commenced. The explana- 
tion which we are inclined to give of these facts is that at 
lirst the casca, by causing contraction of tlie vessels generally, 
and raising the blood-pressure, increases the pressure in the 
glomeruli of the kidney* and thus causes the watery con- 
stituents of the blood to filter through them more quickly tlian 
usual. It thus increa.ses the flow of urine. It next causes the 
vessels of the kidney to contract more and more, so that 
notwithstanding the high blood -pressure in the arterial system 
generally, there is little blood in the kidneys. The pressure of 
blood in the glomeruli is consequently low, and the secretion of 
urine scanty, and when the contraction of the renal ai’tery 
becomes very gi-eat the secretion stop.s altogether. When the 
arterial spasm again relaxes; the secretion recommences at the 
jame time that the blood-pressure falls. In this i-espedt the 
action of casca agrees completely with that of digitalis.* It 
seems probable that casca will also, like digitalis, be found to 
have a cumulative action, should it be introduced into medicine; 
for the effect of any drug depends on the amount of it cir- 
culating in the blood, and thi.s amount may be increased 
either by increasing the introduction of new quantities or by 
diminishing the excretion. It seems probable that the sudden 

• Biranton And Power, ‘' On the Diuretic Action of Digitalu.” Proettditigt. 

thi Rnj/al' Society, XS3, Vide antta,'giAl.O. 
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appearance of dangerous symptoms during the administration ol 
digitalis is due to its stopping excretion by the kidney while 
the drug is still taken by the niouth. The occuri^ice oF 
jjoisoniiig 'by digitalis would thus be completely anajogous to» 
jx>isouing by curare in an experiment of Herrmann's.* Curare 
produces paralysis of motor nerves wlieu quickly introduced 
into the circulation by injection under the skin or into a vein, 
but does not usindly prove poisonous when taken into the 
stomaeli. The reason of this is that it is excreted by the kidneys 
as quickly as it is absorbed from the stomach, so that tliere is 
never enough of it in the blood at any one time to be injurious. 
When Herrmann tied the renal vessels, however, so as to j)reveut 
excretion, curare taken into the stomach proved as certainly 
fatal as when injected into a vein. In digitalis-poisoning the 
drug itself causes contraction of the renal vessels, producing the 
same effect as the ligature applied to tliem by llerrinanu in tlar 
case of curare, and the same would probably be the case with 
casca. 

Admi on lieBpimtioiu — The respiratioji is geneially (piickened 
by casca. This quickening appears to be due to a stimulating 
action of the drug upon the piilinonary branches of the vagus, 
as it was not observed when the vagi were divided before the 
ctisca was administered. 

Action on I'e'mperatnvc , — Casca does r.ot ai>pear to have any 
action either in lo\Yering or raising the temperatin e of a healthy 
animal. Wo liave not yet tried wliat effect it will liave in 
fever. 

Action on ike Eye . — ^When applied to the eye it has no action 
on the pupil, nor does it cause congestion of the conjunctiva or 
lachryrnation. 

Action on (he Uterus . — Digitalis liaving been said to have a 
powerful action upon the uterus, an action wbicli lias been found 
by Dr. Dickinson to be useful in arresting menorrliagia by 
causing contraction of the uterus, we administered casca to a 
pregnant cat, but it did not produce abortion. 


• Du^Bois jReymotiirs un4 JReicAert's Archlr^ 1S67, p. 64i^- 
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Prohahle, Une of Casca in Medickie. 

It i« evident from tlie descrij)tion we have ^iveii above of 
the physiological actiosi of oasca, that it is quite different froia 
tliat of Calabar bean, the other ordeal poison nn ployed on tAi 
African coast, which has become such a useful remedy since i‘.:s 
physioloj^ical action was first ascertained by the admirable 
researches of iJr. T. E. Fraser. Unlike physostig'nia, it lias no 
action on the pupil, and no special action upon the sjdual coJiL 
Its action is excrtenl cliiefiy upon the stomach, circulatory 
apparatus and lvi<liieys. Its action on the stomach seems to bt^ 
rather a drawback tliaii otherwise, as it would liave been highly 
advantageous to have had a drug wliich would act like cligitalis 
upon the. lieart without producing tlie sickness wliich sometimes 
obliges us to discontinue the use of the latter. As, like 
tligitalis, it strengthens the lieart while slowing its pulsations,, 
it will be useful in mitral disease, and its diuretic action will 
prove serviceable in dropsy arising from this cause. At tlie- 
same lime its more powerful action on the vessels leads us to 
hope that it will be useful in advanced cases of cardiac dropsy 
when digitalis fails. This power of contracting the vessels also 
indicates that it will prove a useful luemostatic, mere iioworful 
than either digitalis or ergot, the virtues of which it seems to 
combine. Mr. Monteiro having kindly promisetl to obtain for 
ns a large quantity of the bark, Ave trust we shall find that ita 
action in disease corre.^poiuls to the hopes we have formed. 



ERELimNATiY NOTES ON THE PHYSIO- 
LOGICAL ACTION OF NITRO- 
GLYCERINE. 

In conjunction with E. S. TAIT. 

(lleprintcd from SL Bartholomm^s Hostpital 1876, toI. xiL) 

*^Fkom the ol servations and experiracnts on the physiolo- 
gical action and thera[)eutic einploynient of nitro-glycerine 
made by numeions authorities, amongst wlioni may be men- 
tioned Hering, Pelikan, Field, Thorowgood, Brady, Demme, 
Albers, Onsuin, Eiileiibiirg, Werher and others, it is evident 
that nitro-glycerine is a powerful poison, and exerts a marked 
action on the nervous system when given even in exceedingly 
minute doses, Althougli many facts regarding its action have 
already been ascertained, it lias not yet been made the subject 
of an elaborate investigation, and it therefore seemed to us 
advisable to aiscertain its action more thoroughly than has yet 
been done. Onr research is still vei’y imperfect, but circum- 
stances having obliged us to discontinue it for a few months, 
we now give the results we have already obtained, and trust to 
ifill up the numerous deficiencies in them when we are again 
able to resume work together. Whilst we confine ourselves in 
our present paper to a statement of the results of our own 
experiments, we purpose in a future one to enter into the 
literature of the sul^ject, and to compare the conclusions to 
which our experiments have led us with those of previous 
observers. 

General Action on Frogs.-^A number of experiments were 
rnade by injecting a 10 per cent, solution of nitro-glycerine in 
alcohol, in quantities varying from about on e-ton th to four- 
tenths of a cubic centimetre, under the skin of the back or 
belly of a frog. The result was in all cases nearly the sime. 
Immediately after the injection the animals became vetj^e^tr 
less, and the respirations became very rapid. In a minute or 
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fcwo thfe testiessness subsided tlnd gave place to lethArgy^the 
frogs- showing a great disinclination to move, and allowing 
tbenisel#re8 to be gently pushed along the' table without jump- 
iugi Th«fc respiration still continued rapid. In about two 
minutes more (generally three to five minutes after the injectioli 
of the poison) the frogs gave a sixdden spring, and fell into 
tetanic convulsions. These lasted about half a minute, and then 
became naore or less relaxed ; they soon returned, however, and 
continued to do so at nearly regular intervals, when the frogs 
w'ere left alone, but they might also be brought on by touching 
the animals. When the relaxation of the muscles was imper-" 
feet, so that the legs still remained extended during the inter- 
vals, the convulsions were marked by twitchings of tfie toes. 
In some instances the mouth seemed to be the part first 
afl'ected by the convulsion, as the jaws were seen to open and 
shut, ^though it is possible that this was connected with respi- 
ration rather than witli the general convulsions; next the arms 
were affected, and lastly the legs. The arms seemed also to be 
more sensitive than the legs, as slight spasmodic twitches 
could sometimes bo produced by touchiug or pinching the arms, 
when similar irritation of the legs had no effect. After con- 
tinuing for some time the convulsions became gradually weaker, 
and the animal died. 

Geiieral Action on Cats , — Tlie only warm-blooded animals on 
which we have as yet experimented with nitro-glyceriue are 
cats, and although it is prebabJe that a general similarity exists 
between its action on these and on other mammalia, yet it is 
not unlikely that there are minor differences which can only 
be ascertained by fartlier experiments. On injecting 4 cubic 
centimetres of a 10 per cent, solution into the peritoneal cavity 
of a cat, the first symptom noticed two minutes after the injec- 
tion was a stretching movement of the hind leg, as if the 
animal were trying to shake something off the foot. In about 
half an. hour the cat cried as if in uneasiness or pain, and then 
vonfited. In about half an hour more the legs seemed to iall 
dnifpg walking, and the animal suddenly sank down and never 
-'Vomiting again occurred once or twice, tlie respira- 
tidft Jbieeoming exc^dingly- rapid .(1'20 per -miuute), and thb 
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tongue and nmscles of the lower jaw worked at eacli inspiration 
bo that the tongue lolled back and forwards like that of a doo- 

which has been running. This action we have never <j^)served 
in cats, either during health or after the administratipn of any 
<Stber poison. The nostrils also moved with the respirations 
and muscular twitching was observed over the body. The^ 
coniea was, now found to be insensible, and pinching ’ called 
forth no action in the limbs ; but when the tail was j?inched a 
deep inspiration took place. Slight spasms resembling hiccou'di 
npw occurred, and in live minutes more the animal died, two. 
“ hours and five minutes after the injection of the poison. 

A large dose (10 cubic centimctre.s) injected in tlic same way 
almost* immediately caused the respiration to become rapid 
(120 per minute) and tlie gait staggering. The animal also- 
cried, the tongue lolled out in the manner already described, 
and the third eyelids were drawn half over the eyes in the 
same manner as wo have scon them in other cats after division 
of the vagu\ In five minutes the respirations had reached 
160 per mimite, and the animal lay quite ipiiet. In 15 minutes- 
voluntary action was (piite paralysed, and relle.x almost entirely 
so. Wlieii either the fore or hind legs were drawn out, no 
nttempt was made to draw them up to tlie body, the limbs 
seeming quite paralysed. On tickling the inside of the ear,- 
however, the ear was moved ; and on touching the cornea, tlie 
eyelids closed. 

\ On applying a .strong induced current 20 minutes after tlie 
injection to various parts of tlic body and legs, muscular twitch- 
irigs were produced, but iio reflex movements. 

In five minutes more, respiration became slow and gasping 
(6 per mimite) ; the tongue ceased to loll, and in five minutes, 
more the animal was dead, 30 minutes after the injection. 

On post-mortem examination tho heart was found still 
pulsating, and the blood of a somewhat chocolate colour. ; 

The' principal effects produced by niti-o>glycerine are thus 
seen to he— ^eat acceleration of the respii action, paralysis, lo^ 
of reflex action, and Apparently to a great degree of iehsatWi*; 
and death from stoppage of the respiration. ' The ' ‘ ' 

-toms arc inufic^lar twitching and Vomiting. ,, 
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JLctiSf^on the Nervcw^^ Sifstem. — In frogs nitro-glycerine pro- 
► duces, as we have already mentioned, langyor, tetanus, and 
finally paralysis. In cats there is paralysis without any tetanus, 
although there may be movements of a convulsive nature — 
eiich as Vomiting, spasmodic respirations like hiccough, anj 
musculat twitclies — when the poison is injected into the abdo- 
luinalf cavity. In another experiment we found that after the 
injection ^of 1 cubic centimetre of a 10 per cent, solution 
dii'cctly into the jugular vein of a cat, tetanic convulsions 
occurred. 

In order to ascertain whether the tetanus in the frog is duo^ 
to the action of the iiitro-glycerine on the spinal cord, or on the 
nervous centres within the encephalon, the spinal cord was cut 
across about the middle before the poison was given. The 
upper part of the animal immediately became very restless, 
and the arms w^ere stretched out at riglit angles to tlie body 
with the toes outspread. There was no alteration in the hinder 
l^art of tlie body and legs. Tlio nitro-glycerine, tlierefore, does 
not cause tetanus by its direct action on the spinal cord, as other- 
wise spasms would have been observed in the liind legs. This 
result was confirmed by another experiment. A frog was 
decapitated, and after the spinal cord had recovered from the 
shock, and reflex movements were again observed in the limbs, 
nitro-glycerine was injected under tlie skin. No spasm what- 
ever was observed. Other experiments led us to believe tliat 
the tetanus is not due to any action on the cerebral lobes, but 
probably to tlie effect of the poison on tlic optic lobes; but we 
are not yet in a position to decide this with certainty. 

Action on Muscle . — In order to ascertain this, two gastro- 
cnemii of a frog were immersed in two glasses, each containing 
10 cubic centimetres of a *75 per cent, solution of common salt. 
To the one glass about two drops of the solution of nitro- 
glycerine were added. After three hours the muscle which had 
beeivlying in the pure solution of salt contracted readily oft the 
■application of an induced current, while the one which had been 
lying in the salt solution with nitro-glycerine was in a state of 

is therefore a muscle poison, aucl 
its action agrees with that of nitrites, all of 
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tvIiIqIi have been found to be rnnscle-jJoisons m an nnj^blistled 
research on wliicli one of us (Brunton) in conjunction with Mr 
Gresswell is at present engaged in this labomtory. 

Action <m Mot<n' Nerves. — Oh ligaturing the vessels in one leg 
of a frog so as to prevent the circulation of poisoned 4>loo<i 
that limb, the nerve being left uninjured, we have found that 
when paralysis had begun to appear, the spasms which could 
be observed were slightly more marked in the ligatured limb. 
On testing the irritability bf ' the motor nerves after- death, they 
jvere found to respond much more readily to an induced current 
•-ih the ligatured than in the non-ligatured leg ; but as tlie 
muscles of the non-ligatured leg responded but feebly to a 
current, directly applied to them, we arc at present unable to 
say whether the paralysis is entirely due to the action of the 
poison on the muscles, or whether it affects the motor nerves a.s 
well. We may possibly be able to decide tliis point by making 
farther experiments, similar to those which we have already 
perfoimed, but in winter, when the muscles irreserve their irrit- 
ability longer than in summer, during which our experiments 
were made. We also propose to try them with Mana emilenta 
instead of Baim temporaria, the muscles of these two species of 
fn^ having been shown by Schmiedeberg to Im very differently 
affected by caffein, a poison having an action similar in some 
respects to that of nitro-glycerine. 

Action on the Spinal (Jord, — ^The loss of reflex action both in 
frogs and cats, in the advanced stages of poisoning, indicates 
that the cord is paralysed ; and the persistence of reflex action 
in parts supplied by cranial nerves, such as the eye and ear, 
after it has disappeared from other parts of the body, indi- 
cates that the cord is paralysed before the ganglia at the base 
of the brain. 

Action on tlte Brain. — One of the most remarkable .effects of 
nitro-glycerine is the intense headache it produces, even in 
infinitesimal doses. Almost ail observers agree about the 
fact of its' producing headache, but they differ regarding tlis 
nature of the headache. According to our experience, it is not 
jidWays of the same kind, being sometimes frontal, sotpilhhes 
.deeipii^, som one side only, and at otliiis^Mes 
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th^wiicto head. In one of us (Brunton) it was several times 
^ accomimDied by vomiting. It has been said by some that con- 
timfed use of nitro-glycerine makes the person raoi’e sensitive, 
bat ia*one of us (Tait) the contrary seemed to be the case, as 
the hea^Vie was only suffered from during the firk week of 
the investigation. None of the poison was taken by the mouth, 
and, as it is non-volatile, the amount taken in by the lungs must 
have bean infinitesimal. It is possible that, as some writers 
have supposed, a little of it was absorbed by the skin, but the 
quantity thus taken into the system must have been excessively 
minute. ^ 

Action on the Heart . — Wlien the excised heart of a frog is 
put into 10 cubic centimetres of a '75 per cent, salt solution, 
and two drops of a 10 per cent, solution of nitro-glycerine in 
alcohol are added, the heart begins to beat more and more 
slowly, and gradually ceases altogether. A similar quantity of 
alcohol, added to the same amount of salt solution, had no 
action on a heart immersed in it. In one instance, after the 
addition of nitro-glycerine, we . observed a slight quickeuiiii{» 
before the beats became slow. 

Two cubic centimetre^ of a 10 per cent, solution of nitro- 
glycerine in alcohol injected into the jugular vein of a cat 
stopped the cardiac pulsations entirely in 13 seconds. One 
cubic centimetre in another experiment greatly quickened the 
pulse. The power of the vagus over the heart appears to be 
diminished, as irritation of its trunk had less effect upon the 
heart after injection than before. 

Action on the Blood-pressure . — Nitroglycerine diminishes the 
blood-pressure considerably, but its power to do so is very much 
less than that of nitrite of amyl* • *■ 

Action on the Blood . — The blood of animals poisoned by 
nitre-glycerine is of a chocolate colour, even in the arteries. 
When blood is shaken up with nitro-glyceriue solution, it 
acquires a chocolate colour, though slowly; In this respect 
nitre-glycerine agrees with nitrites, Which also cause the blood 
to assume that colour, . , 

With the spectroscope at our disposal, however,^ vva were 
uuablff; to discern any difference between the spectrum of blood 
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from an animal poisoned with iiitro-ylycerine, or of 'horiAl 
blood shaken up, with it, and normal blood, either before oir 
after the addition of a reducing fluid. If our observation 
■were coirect, this w'ould constitute an important difrerence 
bjitween n\tro-glycerine-blood and nitrite-blood as b^cribed 
by Gamgee ; but the strong similarity in colour between the 
•two kinds of blood makes us doubtful about the correctness of 
our spectroscopic observation, and we hope to repeat#t with a 
better instrument as soon as opportunity allows. 

Action on Oxidation . — Certain vegetable substances have tlie 
grower of oxidising tincture of guaiac, and causing it to become 
blue. In order to ascertain whether nitro-glycerine had any 
power to diminish or prevent this oxidising process, a potato 
M'as pounded with water, and the liquid strained off and mixed 
with tincture of guaiac and a small (quantity of nitro-glyccrine. 
Instead of in’eventing oxidation, however, it rather seemed to 
tpiicken it, the mixture assuming a bine colour mf)re quickly 
and more intensely than where no nitro-glycerine was added. 
In this respect also its action resembles that of nitrites as 
described by Binz and Pick. 

From our experiments it would then appear that nitro- 
glycerine agrees with nitrites in not lessoning the oxidation of 
guaiac by vegetable solutions, in causing tbe blood of animals 
poisoned by it to become of a chocolate colour, in acting as a 
muscular poison, and in diminishing hlood-pressure. Its action 
in this last respect is, however, much less than that of nitrite 
of amyl. In a future paper we hope to give a more detailed 
and complete account of the action of nitro-glycerine, and of 
the resemblances and differences between its action and that of 
jiitrites, as well as a discussion of its possible use in medicine. 

Note. — Tbe severity of the headache which nitio-glyccrinc 
induced in one of us (Brunton) was so great that it made us 
<lclay in trying it on patients, and before wo had done this it 
was proposed by Dr. Murrell as a suhstituto for nitrite of amyl. 
W. siarrell : “ Nitro-glycerine as ii Eemcdy for Angina Becfcoiis,” 
mo, i, 86, 113, 11)1, 225. 



ON THE PHYSIOLOGICAL ACTION 6F THE 
BAlIK OF KRYTHROPHLEUM GUINENSE, 
GENERALLY CALLED CASCA, CASSA, OR 
SASBY BARK. 

In conjunction with WALTER PYE. 

■jr 

(From PhUosopliLcal Transactions of the lloval Soviet if y vol. clxvii, part 2.) 

Re<*oived ami reticl Juno loth, 187(>. 

.» 

Several monilis ago we receivod from Mr. Monteiro a piece 
of Casca bark, wliicb he had obtained with great difficulty from 
a native at Beiube during his residence in Angola. This bark 
is used by the natives as an ordeal, persons suspected of theft, 
Avitchcraft, or other crimes being made to drink an infusion of 
it. If it causes vomiting only, the person is acquitted ; but if 
it causes purging, he is considered to be guilty, and is cither 
allowed to die of the poison or at once killed. Among some 
tribes a practice prevails of making the accused, after drinking 
the infusion, walk in a stooping posture under lialf a dozen low 
.•irches made by bending switches and sticiving both ends into 
the ground. Should he fall down in passing under any of the 
arches, he is at once considered guilty, and, without waiting for 
a purgatiV'C effect to be produced, he is at oucc put to death. 

All the natives agree in their description of the effect pro- 
duced on a person poisoned by this bark, llis limbs are first 
affected, and he loses all power over them, falls to the ground, 
and dies quickly, without much apyiareiit suffering. 

The same bark, or one having precisely similar effects, is used 
as an ordeal in Sierra Leone, under the uume of “red-water 
l)ark,” and in Asliantee, under the name of “ doom,’' In both 
tliese places the test of vomiting or jiurging only seems to be 
employed, and not tjiat of stumbling, as described by Mr. Mou- 
teiro; but according to C. A. Santos, the missionaries describe 
the bark as causing vomiting, glazing of the eyes, and loss of 

2 I 
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the power of eontraoting the muscles throughout the body ; so 
that, when the poison has fairly commenced its action, the 
sufferer is incapable of standing or walking, and the he|^d rolls 
heavily abOj^ut the breast and shoulders. 

'^Appearance of the Bark . — The pieces given to us by fe. Mon- 
teiro were from 8-12 inches long, about 4 inches broad, and 
f of an inch thick, dark brownish-red in ctilour, and deeply 
grooved externally. Their appearance agreed exactly^vith the 
•description given by C. A. Santos, in tlie American Journal of 
Pharmacy, April 1849, p. 90, of the bark which he terms Saucy 
/'bark, or Gidu. 

Chemical Reactions . — When treated with alcohol it yields a 
•dark l.'A)wnish-red tincture, and boiling w’ater gives an infusion 
of a similar colour, which deposits a pale brownish-red precipi- 
tate on cooling; but at the same time the supernatant fluitl 
remains turbid from suspended particles, which do not subside, 
and which are not removed by filtration. It becomes clear 
when heated, but the turbidity returns on cooling. The tinc- 
ture, when evaporated, leaves a resinous-looking extract, and 
when mixed with water gives a pale brownish-red precipitate. 
The watery solution of either the alcoholic or aqueous extract 
becomes much darker in colour after exposure to air. 

An aqueous solution gives a brownish- black precipitate with 
ferric perchloride, indicating the presence of some form of 
tannin. It also gives a precipitate with tincture of galls or 
tannic acid, mercuric chloride, stannic chloride, gold chloride, 
silver nitrate, and lead acetate, either neutral or basic. If the 
precipitate produced by neutral lead acetate be removerl by 
hltratiou, the addition of basic lead acetate to the filtrate causes 
very little further turbidity. Platinum chloride causes little or 
ho precipitate. 

These reactions closely agree with those given by Santos and 
Procter. 

Santos states that, by passing the dilute tineture through 
animal charcoal, wasliing, drying, and boiling’ in absolute 
: aieqhob he obtained a crystalline substance which was poispnbhs ; 
„ySht^^oeter fm to obtain a poisonous sutetance, althQU^v,%^ 
crystals which here non-polsonous. 
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From the small fiuantity of bark at our disposal, we have not 
attempted to isolate any active principle, as ^e feared our sup- 
ply wpuld hot be more than sufficient for the investigation of 
its physiological action. , 

Professes’ Liebreich, however, has lately succeeded in separat- 
ing a crystalline substance, which is exceedingly poisonous. 

Geherdl Aciion . — Its action on the lower animals has been 
investigated by Santos and Liebreich. The former found tliat a 
decoction of the bark caused alternate dilatation and contrac- 
tion of the pupils, appearance of delirium, violent retching, 
vomiting, symptoms of tetanus, and, finally, death. The crySt, 
talline principle obtained from the bark by Liebreich caused 
vomiting and sudden death, without previous loss of conscious- 
ness. Death is attributed by him to paralysis of the heart. 

In our own experiments on dogs ami cats we have observed 
vomiting, weakness, and death during a convulsion from the 
effects of the drug, whether introduced into the stomach or in- 
jected under the skin, into the peritoneal cavity, or into the 
veins. 

Geniuj.vl Action on Mammals. 

Action on Cats. 

Experiment I. — February 23. 

Effcda of a very Large Dose. 

Four and a half c.c. of a saturated alcoholic solution of Casca* 
were injected into the abdominal cavity of a half-growji kitten 
weigliiug 746 gitiinmes. At three minutes after the injection 
it began to walk stiffly, and a peculiar jerk occurred in the hind 
legs each time they Avero lifted. Ke.spiration GO. At 5 minutes 
after injection it seemed giddy, and rolled over on trying to 
vvalk. Faeces were passed. Ilespirations 80, gasping. At ten 
minutes it was lying on its side with its mouth wide open ; 
respirations 120. At 10 minutes 30 seconds the re.spirations 
were 160, g^pjUig. At 11 minutes it made feeble and unsvvc- 

• This solution was propnred by ext acting tho bark with tilcoliol and evapo. 
bating to dryness. Tho solid extract thus obtained wa-? dissolved in warm 
alcohol in siich quantity that on cooling a deposit occurred. The solution was 
then filtered and the fi.trate employed for experiments. 

2 I 2 ■ 
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ceasfiil attempts to vomit; the respiration became intermittent; 
' there was an oscilkting movement of the eyeballs, ami the pupils 
were widely dilated. At 12 minutes the respiration t^ame 
slower, as well as irregular. At 16 minutes it was 60, irregular 
alld laboured. At 21 minutes the respiration appeafed to be 
entirely diaphragmatic. At 24 minutes there were strong, in- 
effectual attempts at vomiting, followed by sudden stoppage of 
respiration, and death in a condition of eraprosthotoBOS. The 
pupils at that time were widely dilated. 

On opening the thorax immediately after death, the ventricles 
«were found 6 rmly contracted ; but they recommenced to pul- 
sate, and continued to do so for a few minutes spontaneously. 
They responded by a single contraction to irritation for hoins 
after death. By this time the heart looked (juite dry and glazed, 
and rigor mortis was well marked in the muscles. The lungs 
were pale. 

Ex]K)rimcut IT. — February 22. 

Effects of a Moderate Dose. 

Three c.c. of the same alcoholic solution were injected into 
the abdominal cavity of a cat weighing 2238 grammes. At 
25 minutes afterwards the animal vomited ; and this was 
repeated at 35 minutes and 41 minutes. At 41 minutes the cat 
seemed weak ; resjiirations laboured, 60 per minute ; pulse, 100, 
regular. At 55 minutes respirations 80, shallow, irregular. At 
75 minutes respiration deeper and more laboured. At 85 minutes 
the gait was staggering, and the limbs were moved with a jerk 
»at the end of each step; respiration.? 40, more regular; pulse 
100, regular. Four hours after injection the animal was sleepy ; 
A/hen roused it walked feebly ; there was no further vomiting. 
Its condition remained unaltered as long as it was observed ; 
and it died between eight and twenty hours after the injection, 

On post mortem examination rigor mortis was well marked. 
The abdomen contained some yellow serum. The stomach cpii- 
tained no solid food, but about 2 ounces of a greyish turbid 
alkaline fluid. 
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Experiment III. — April 28.^ 

Seven C.O. of a .similar solution to that used in Experiments I. 
and lit were injected beneath the skin of a moderate-sized, 
well-nourished cat. In 15 minutes the animal vomited for the 
first time, and this vomiting was repeated four times within the 
next hour and twenty minutes. During tlie rest of the day it 
remained quiet, witliout f urtlier vomiting, and with no paralysis 
or disturbance of muscular movements. It appeared to be quite 
comfortable. 

On the following day it remained sitting in one position, anA^ 
refused its food and milk. There was no vomiting, and no 
urination or defajcatiou. When disturbed, it would imuA'diately 
return to its former position in a mechanical manner. 

On the following day it passed a very small quantity of 
fjpces ; it was not observed to urinate, and, as before, it neither 
ate nor drank anything. It vomited once, very slightly. 

From this time forwards, for a fortnight after the administra- 
tion of the poison, the cat remained in tliis condition, neither 
eating nor drinking, although tempted to do so with milk and 
meat; and even xvhen a live mouse was placed before it, it 
merely pricked up its ears, and looked eagerly at it, but did not 
touch it, nor did it pass urine or faces once for the last eleven 
days. 

It sat always in one position unless disturbed, and tlioiigh it 
got steadily weaker, did not lose flesh in the way an animal 
starved would have done. The temperature on May 2nd was 
38= C. 

Five days after the poison was given a subcutaneous abscess 
formed over the right scapula and ribs. No other lesions were 
ascertained during life. The abscess did not form at the seat of 
puncture. 

It died, apparently from exhaustion, fourteen days after the 
poison was administered. 

Post-mortem Examination. 

Eigor mortis well marked. 

Subcutaneous tissue contained a fair amount of fat» 
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Th a large, sloiighy, subcutaneous abscess in tbe 

situation mentionp.d above, and another localized collection of 
pus a little higher up in the skin of the neck. No other supei- 
hcial abscesses were found, * 

ffhe muscles were pale and rather dry. There was' general 
congestion throughout the l)ody of the larger venous trunks, but 
apparently not of the smaller ones. 

Abdomen , — The omentum contained rather a large (|uantily 
of fat. 

. The stomach was quite empty, pale, and contracted. 

, The smdll intestine contained a small quantity of bile-stained 
mucus ; it was otherwise empty. 

The large intestine contained bile-stained mucus, and in its 
lower half a considerable quantity of fmces, also bile-stained. 
The mucous membrane appeared perfectly healthy. 

The bladder contained only a few drops of high-coloured 
urine, but had not contracted at all firmly. It had the appear- 
ance of a bladder which has lieen dried when inflated, and the 
air then let out. 

The kidneys were pale, althougli the renal vein was mucl» 
distended. 

The vagina and uterus contained a large quantity of a greenisii 
smeaiy fluid, which, under the microscope, was seen to be niueo- 
pus. The mucous membrane had here and there patches of 
injection on it (vide infrd) ; near tlie orifice of the vagina the 
secretion had quite the character of ordinary pus, but no abscess 
existed there. 

* The diaphragm was pale, flabby, and very tiansparent (vide 
iiifrd). 

The lungs were congested, but otherwise natural. 

The heart was very pale and flabby ; all the cavities contained 
moderate quantities of blood. 


Microscopical Examination. 

Kidneys : epithelium not degenerated. 

Heart : muscle-flbres very granular ; in many places hardly a 
trace of transverse striation could be seen. 
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Voluntary iriuscles (rectus abdominis) also granular (well 
marked, but not quite so much as the heart). • 

Bladder : muscular coat not degenerated. 

Intestines : muscular coat not degenerated. 


Eemarks on Experiments I — III. 

Experiments I to III show the effects of the poison on cats 
when administered in three decreasing doses. 

It will be seen that, during life, the most prominent 
s^ inptoms of a rapidly poisonous dose were in their order 
constancy : — 1, vomiting ; 2, respiratory difficulty ; 3, abnormal 
muscular movements. * 

After death the condition of the heart and great vessels and 
of the lungs are most noteworthy. 

Fowiiriny.— TJiis was a constant symptom in all the cats we 
experimented on, unless they were placed under special circum.^ 
stances. The vomit consisted, first, of whatever food might he 
contained in the stomach, and then of a white frothy mucus. 
On no occasion did it ever have tlio appearance of intestinal 
(fecal) vomiting. 

In E.xperinient I no actual vomiting occurred. In this case 
the stomach was found to he empty of food after death ; and 
the absence of the symptoms in this case was doubtless due to 
the rapid paralysis caused by the very large dose administered. 

Bespiratorij DiffLculty . — This is a constant symptom, except 
when very small doses ai'e administered. 

On reference to Experiment I it will he seen that at one 
time the respirations rose to 160 per minute. This, however, 
Avas exceptional. From 40 to 60 respiratory movements per 
minute is probably the average rate after administration of a 
moderately poisonous dose. 

Ainm'mal Muscular Movements . — These are of two kinds ; 
thus, immediately after the administration of any dose, large or 
small, thei’e is very generally produced a peculiar twitching of 
the muscles of the limbs, especially of the hind legs. This is 
especially seen when the animal is walking. 

When large, rapidly poisonous doses are administered 
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symptom-} of general muscular paralysis and loss of cobrdina* 
tion are cleveloped,;?«ri pamt with the dj’spnoea and frequency 
of the vomiting. The animal rolls and staggem as it wfdks ; its 
head falls on the ground, and, finally, it falls over on its side 
and is uimble to stand. Death always occurs a Wy few 
minutes after the development of these last phenomena. 

Appearance of the Heart post mortem . — As a rule, post- 
mortem examination of the heart shows a moderately irm con- 
traction of the ventricles, with a somewhat distended condition 
of the auricles. The ventricles, however, were never found to 
1)6 completely emptied of blood, and on one or two occasions 
the heart was found to be moderately distended, tl^?left 
ventricle containing well artorialised blood. ■ v ' 

On several occa.sions, but here also with one or two excep- 
tions, a remarkable vitjdity of the auricles was noticed (Experi- 
anent I). 

The post-mortem appearances of the heart and their physio- 
Jogical value will be noticed more particulaidy in the section 
which treats especially of the action of tliat organ. 

The lungs were, in all cases in which they were noticed, 
found to be pale, except in Experiment III (see Experiment 
XXXI). 

One of the most noteworthy phenomunu is the action of a 
ismall dose upon a cat in causing an utter refusal to take cither 
food or drink, and that, notwithstanding this total abstinence 
from nourishment, the animal should live sueli a long time, 
should show considerable muscular power (being able to jump 
‘from the floor upon a chair up to the day l)efore its death), and 
should have still retained so much of its subcutaneous and 
omental I'at. Anotiier point to be noted is the occurrence of 
subcutaneous abscesses, none of which were near the point 
w here the poison had Ijcen injected. 

This long continuance of life and retention of strength .seem 
t»j us to indicate that the processes of tissue change had been 
retarded by the poison; and the granular condition of the 
striated muscles appears to indicate a diminution especially itt 
tl:e processes of oxidation, ' ; 
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Action on Dogs. 

Experiment IV. — May 9. 

The effect of the poison on dogs was investigated in the same 
thanner as it had already been on eats in Experiments I — IH. 
It will be seen that the results do not differ in any noteworthy 
point from those previously obtained. 

Six c,® of the solution were injected beneath the skin of a 
dog weighing 8 lbs. It vomited for the lirst time 20 minutes 
afterwards, and this vomiting continued at gradually increasing 
intervals of from 15 minutes to three quarters of an liour Ion 
'the 4 hours. At tlie end of that time the animal was 
vety'iteStless, and continued to he so while it was observed. On 
the following day its gait became staggering ; and, finally, it lay 
llat on its belly, and died about 30 hours after the drug was 
administered. 


Oeneuai- Action on lliiiDS. 

Birds are affected very readily by the poison, and the 
symptoms produced in them are simiLir to those observed in 
mammals. This will he seen by the results of the following 
experiment. 

E.xperimout V. 

A full-grown pigeon had nearly 1 c.c. of the solution injected 
beneath the wing. In 10 minutes a qiiivei ing motion of the 
wings was noticed ; in a quarter of an hour its feathers were 
puffed out, its gait was staggering; 24 minutes after injection 
it began to vomit. This was repeated 4 minutes afterwards 
more violently, and several times subsequently, 40 minutes 
after the injection it was unable to stand ; and from that time 
to its death, 1 hour and 35 minutes after injection, it lay flat on 
the table, occasionally attempting to vomit unsuccessfully. For 
the last 40 minutes its respirations wore hardly visible, but it 
moved when roused. Violent expiratory movements came on 
jusk before the respiration finally ceased. 
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Gexkral Action ON Fishes AND FnoGS. 

In fishes and frogs there is but slight suscepfcibiUly to the 
poison, and the effects produced by it are similar in tke two 
closes. The most obvious general systems are muscular 
j>aralysi8 and cessation of respiration, preceded by spnsuiotlic 
movements. It will l>e seen later, however (Experiment XVIII), 
that the particular action of the drug on the hear| is well 
shown in frogs. 


Experiment VI. — February 21. 

One-third of a c.c. of the solution was injected beneath the 
skin of a medium-sized frog. In 2 minutes slight tonic 
contraction of the limbs was oliserved; in 4 minutes it was 
jumping rather actively, but fell over on its back; in 12 
minutes the respiratory movements had become almost imper- 
ceptible ; and from this time the reflex movements of the limbs 
on iiTitation gi-adually got weaker and weaker, and finally 
ceased 33 minutes after the injection. 

After death, the ventricle was found firmly contracted, the 
auricles and venous trunks engorged. 

Experiment VII. — February 21. 

Experiment VI was repeated with double the dose. The 
frog was slightly larger than the one first used; but reflex 
action ceased within a few seconds of the same time after 
injection. The general effects were almost the same as in 
•Experiment VI, save that 5 minutes before reflex move- 
ments ceased there were four spasmodic in.spirations. 

Experiment VITI. — April 18. 

The effect on fishes was tried. First, 55 c.c. of a watery 
solution of casca were added to 3 litres of water in whicli a 
gold-fish weighii^ 3 ounces was swimming. At the end of 
3 hours no effect was produced on the fish. 1-3 c.c» of tile 
alcoholic solutiori were then injected into the side of the fish, a 
little in front of the tail. In 5 minutes it began to roll from 
sWe to side ; the respirations were catching. For the next 10 



ACTION ON INVEUTEBBATA ANi» INIUSOKIA. 4D1 

mimites it lay cliiefly on its side, occasionally swimming about 
■ actively. ^ 

At the end of 25 minutes from tlie time of injection it 
appearcfl to have nearly recovered itself, and 1 c.c. more of the 
alcoholic solution was injected. In 3 mimites front this timp 
it lay completely over on its side, having spasmodic twitcliings 
of its fins ; in 5 minutes the respirations again became rapid 
and gasj4ng; in 10 minutes the reflex movements were very 
weak, but respiration and reflex action diil not entirely cease 
before 30 minutes after the second injection. 

Genkual Action on iNVEHTHitUATA. 

The following experiments (Nos. IX and X) .show tSat tlie 
drug exert.s very little, if any, poisonous action on tlie In- 
vertebrata. 

Experiment IX. 

A leech was iflaeed in a watery solution of casca nearly as 
strong us could be made with cold w’ater. At the end of 
2^ hours it seemed but little affected, but w’as found dead on 
the following morning. 

Experiment X. 

Nearly 5 c.c. of a concentrated alcoholic solution of casca 
were injected beneath the back of a common snail. The animal 
showed no signs of poisoning, and on tlie following' morning 
appeared to be uninjured. 

Action on iNiui-oniA. 

Experiment XI. 

In Experiment XI we investigated its action on Infusoria by 
placing a drop of tank-water containing some infusorians under 
the microscope, and adding a drop of a solution of the 
watery extract of casca. At the end of 2 hours no alteration 
in the movements of the animalcules was observed ; and it may 
therefore be concluded that the drug exerted little or no action 
pn them. 

, The action of the drug on germination and oxidation pro- 
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oesses, and on different ferments and ferinent organisms, was 
investigated in B^xpeiiiuents XII — XX. 

On germination the casca infusion was found to exert no 
■effect. 

Experiment XII. 

A few mustard seeds were placed on flannel in two saucers, 
and kept moist in a warm place, the one Avith an infusion of 
easca, the other with water. Tlie seeds began to germinate at 
the same time in each, and no difference was observed in the 
growth of the shoots for three days afterwards. 

Effect on tlic Development of Bacteria. 

Experiment XIIT. 

Tins experiment, which was repeated on two otlier occasions, 
shows that a weak solution of the alcoholic extract possesses 
the power of hindering tlie formation of Bacteria, a proi>ci ty 
not shown by the watery extract, as is shown in Experiniont 
XIV. This difference in the properties of the two extracts 
does not show itself in the general action of the drug on 
animals ; but the power of the alcoholic extract to prevent the 
deyelopment of Bacteria, while it is without action on them 
after their development, is interesting, ns substantiating the 
results, of Buchholz’s experiments on this subject with other 
■drugs.* 

Three pieces of fresh muscular tissue were placed in bottles 
on March 22nd. The first contained a watery solution of the 
* 4iIcoliolic extract of casca, the second a solution of sulphate 
of qninia, and the third distilled water. On March the 29th 
the bottles were opened ; and while the bottle containing w'ater 
Avas very offensive, and the water was crowded with Bacteria, 
neither the quinine nor casca solutions contained any Bacteria 
at all. 

The bottle containing the easca solution was again examined 
on May 14th, and was found, as before, quite free from Bacteina. 
Long before this a thick crust of Betiicilliuin had formed on its 
:: surface.' 

• J.rehit>f, ejrj)er. rathologie tt. Piarmakoto^ie, rol. ir, p. 1. 
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Experiment XIV. 

A piece of fresh cat’s liver wa.s placed in a Solution of casca 
of the ^ine strength as that used in the preceding experiment ; 
but the watery extract was used instead of the alcoholic. At 
the end of two days the liquid was found to be crowded wilfi 
Bacieria. 

This ezyierimcnt was afterwards repeated with muscular and 
otlier tissues with the same result. 

Effect on the Life of Tiacteria. 

» 

The effect of the drug on the life of Bacterin, when developed, * 
was tried in Experiment No. XV. For this purpose au ipfusiou 
of hay was made, and found to contain many l od-shaped Bacteria. 
To a drop of this infiusion a drop of a solution 1 in 20 of both the 
alcohislic and the watery extracts of casca Avas added at different 
times, and the movements of the Bacterians carefully watched 
under the microscope. They did not, however, seem in any way 
affected by tlie addition. 

For the sake of comparison a soluti(jn 1 in 100 of quinia sul- 
phate was added to the hay-infusion. The Bacterian movements 
were found to be instantly stopiied. 

Effect on Lied and White Blood-corpimcles. 

In Experiment XVI the action on the red and colourless 
blood-corpuscles of the newt was investigated. The effects pro- 
duced by tlie addition of dilute solution of casca to the blood 
were cessation of amoeboid movements and rounding of the 
white corpuscles, with an irregular shrinking of the nucleus, 
and general crenation of the red ones. The.se effects were pro- 
bably due to the action of the tannic acid contained in the 
extract. 

Effect on Ciliary Motion.] 

The drug appears to have no action on ciliary motion ; for 
when (Experiment XVII) two preparations of ciliated epithe- 
liuitt were made, the one being placed in ‘75 per cent, salt 
solution, and the other in a solution of casca extract, it was 
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■ ' ^ ^ ■■■ '■ 
found on microscopic examination that the movements of the 

cilia ceased in a\>out the same time in both specimens, v 

Effect on Processes of Oxidation. 

* It, however, does appear to exercise an inhibitory action on 
oxidation processes generally. Tliis point was investigated in 
the following manner : — 

Experiment XVIIL — April 20. 

Four thin slices of potato were placed in two saucers, and 
were just covered, the one with distilled water, tlie other with 
a watery solution of casca. When a drop or two of the 
tincture of guaiacum were added, either to the liquid or to the 
potato slices, the bluing produced was much fainter in the case 
of the saucer containing the casca than in that containirig dis- 
tilled water. The results of the experiment on organized and 
unorganized ferments were negative, neither the development of 
the yeast-plant (Experiment XIX) nor the digestion of fibrin 
by pepsin (Experiment XX) appearing to be in the least degree 
hindered by the addition of the drug. 

Action on the Digestive System. 

One of the most prominent symptoms of poisoning by casca 
is the violent vomiting wduch it produces; and, as has already 
been noticed, its occasional purgative action is used as a test 
of innocence or guilt. The emetic dr purgative action is sup- 
posed by some to depend on the administration of a pure infu- 
sion, or of one containing the drugs in suspension, and innocence 
and guilt are thus supposed to be practically decided by the 
priests, who have it in their power to administer either one or 
other to the accused. - 

In order to test this, an infusion was given to one oat, 1> 
(Experiment XXI), and an infuvsion containing a quantity of 
powder to another. The latter, however, contrary to expecta- 
tion, recovered, whereas the former died. The experiment, 
however, was vitiated by the-f^t that the infusion was made 
from the finely piilverized bark, the only kind we bad at bur 
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disposal at th^ and consequently contained a qiantity of 

it in suspension, which would not have been tjiie case if the in- 
fusion had been made from a coarsely pounded bark. 

In oWer to ascertain whether the vomiting and purging were 
due to the local action of the drug on the stomach and intej?- 
tines, or to its action on the nervous system after its absorption 
into the blood, a comparison was made between the effects of 
the poiscgi when introduced into the stomach and when injected 
under the skin. Our experiments show that whereas vomiting 
was invariably produced by the casca, in whatever manner 
introduced into the system, purging only occurred when thq 
poison was given by the mouth, and was never observed arter * 
subcutaneous injection. The purgativt3 action is therefore due 
to the locjal action of the drug on the intestines. 

The following is a brief account of two experiments we made 
in ii^'osti gating the action of the diMig when injected into the 
stomach. 

Experiment XXI A. — May 10. 

Ten c.c. of au infusion of the watery extract of the bark, 
with the dregs wliicli were deposited when the infusion cooled, 
were injected into the stomach of a large cat. It app(iai*ed 
quite well for 40 minutes and then vomited. Within the next 
two hours and a half it vomited five times. A little more than 
tive liours after the exhibition of the drug it passed some solid 
heces with great forcing, and from that time recovered. 

Experiment XXI E. — May 10. 

Ten and a Iialf c.c. of a cold aqueous infusion of the pounded 
bark, containing numerous Hne particles in suspension, were 
injected into tlie stomach of a small ill-nourished cat. Vomit- 
ing came on 35 miiiiites afterwards, and free purging an hour 
and a half after the injection. During the rest of that day and 
bu tlie next it was very feeble, but showed no special symptoms, 
and it died quietly on the morning of May 12. 



Tias paVsiot^ 

■Comp’auative Actios of ;the' Aiooiiotio and WAtert 

Tlie action of the alcoholic and Eatery extracts of casea, when 
adniinisteBpd subcutaneously to cats in large doses, tis alniost 
iilentical ; and their activity as poisons appears to he about 
equal, the watery extract, if anything, being rather the moio' 
powerful. 

Experiment XXII. — April 28. 

Two equal quantities of the alcoholic and watery extracts 
,were dissolved in equal volumes of alcohol and water re- 
' spectively. Tlie quantities were 3 grammes of the extracts 
and 4 9>c. of the fluids. These solutions were injected l:>eneath 
the skin of two eats of the same size. In the case of the alco- 
holic extract vomiting came on 15 minutes after injection, with 
the other symptoms of poisoning by the drug (i.e., respiifetory 
difficulty and staggering gait). The vomiting was repeated 
violently, and the animal died 1 hour and 15 minutes after in- 
jection, death being preceded by general convulsions. 

In the ease of the watery extract vomiting did not come on 
for 35 nvinntes, but death occurred, with symptoms similar to 
those of the former case, in 1 hour after the injection. 

In order to ascertain whether the vomiting was due to the 
action of the drug upon the sensory nerves in the stomach 
itself, after it had been conveyed to that organ by the circula- 
tion, or to its action upon the nervous centre in the medulla 
oblongata regulating the movenicnts of vomiting, the vagi were 
■ cut, and the chief sensory nen-cs of the stomach thus divided, 
liefore administering the poison. By tliis procedure the retoli- 
ing and vomiting were either completely prevented qfe veiy, 
greatly diminished, the dyspiima rendering it rather difficult to 
decide in some cases whether some convulsive movements were 
due to it or were movements of retching. The vomiting i» 
therefore chiefly, and in all probability entirely, due toUho 
action of the drug on the sensory nerves of the stomach itself, 
as the retching, if indeeil really present, might he due to irnta- 
ticn conveyed to the medulla through the splanclmicB after tha 
vagi had been divided. 



; swtarb;^ astes v/yCtOTOitiri 4Wr 

£xp6riineQt XXni.— March 6. . 

Oineral Symptoms ufi,er Injeetion, hoth Va§i having heen 
* previmislg divided. 

A cat weighing 3 lbs. was chloroformed, and the "vigi divideil 
in the neck. In 25 minutes after the operation it had recovered 
from the effects of the anoesthetic. Its respirations were 18 per 
niinnte. of a concentrated alcoholic solution of alcoholic 

extract of casca were injected subcutaneously. Five minutes 
afterwards the cat had fallen over on its side. The respirations 
wore still regular, 16 per minute. During the next hour, with, 
one temporary disturbance, the animal remained quiet, still 
breathing quietly and slowly, with no symptoms of sickness and 
no dyspnoea. It remained on its side the whole time, except 
when roused. It then staggered a few steps, and again lay 
downr -(jne hour after the tirst injection 2^ c.c. more were 
injected. For the next quarter of an hour the animal con- 
tinued to breathe easily, but appeared weaker. At the end of 
that time there rvere some very slight convulsive movements, 
and then respiration ceased. On beginning artilicial respiration 
one or two gasping inspirations occiincd, and then entirely 
ceased 1 hour and 15 minutes after the fir.st injection. On post 
mortem examination the heart’s cavities were found distended. 
Tliey did not contract on irrifcition or puncture. The lungs 
were bright scarlet, and contained a moderate amount of blood. 
The liver and kidneys were congested ; the stomach was pale ; 
the brain was normal. 

Experiment XXIV. — April 28. 

ThW experiment was in most points an exact repetition of 
Experiment XXIII, but the results were even more striking. 
A Well-nourished cat was chloroformed, and both vagi were 
divided in the neck. When it had recovered from the chloro- 
form a solution of ’3 gramme of the alcoholic extract in 4 c.e. 
of alcohol was injected subcutaneously. None of the ordinary 
symptoms of poisoning by the drug were produced. There 
was no dyspnoea and ho vomiting, except at one time, an 
homr and 15 minutes after the iiyectioh, when the animat 

■ a K ■ 
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pi^iglied or vomited up a small quantity of frothy 
mittius. When seen the next morning it was to all appear- 
ance well, and was killed, to prevent suffering being caused 
by the secondary effects of section of the vagi, which were 
found to b^ completely divided. “ 

Experiment XXV. — ^May 17. 

t:-' 

This experiment was similar to Nos. XXIII and XXIV. As 
before, no vomiting was produced by injection of the drug after 
section of the vagi, but death occurred 1 hour and 10 minutes 
* after the injection, in consequence of dyspnoea occasioned by the 
section of these nerves. 

Action of Casca on Eespikation. 

Powdered casca, when inhaled, acts as a violent stemutStory. 
All the men employed by us in grinding or pounding the bark 
suffered severely from the violent and irresistible fits of sneezing 
which attacked them ; and in one instance these were accom- 
panied by great faintness and tendency to syncope. ^ 

When injected into the circulation casca greatly accelerates 
the respirations (Experiments I, II, XXXIV). 

ITiis acceleration appears to be due to stimulation of the pul- 
monary branches of the vagus, and not to any action of the 
drug upon the respiratory centre, as no acceleration is noticed 
when the vagi are divided before the injection of the casca 
(Experiments XXIII and XXIV). 

Action ON tub Intestines. 

Experiment XXVI. 

In order to ascertain whether the intestinal secretion was 
increased by casca, a cat was chloroformed, the abdomen opened, 
and three loops of small intestine ligatured. Into the middle 
loop 2 c.c. of a concentrated solution of the watery extract of casca 
were injected, and 2 c.c. of water into the other two. The cat 
vomited about an hour afterwards. At the end of about f hqurs, 
tbe hnimal Was killed and the body examined. The upper ;ahd 
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middle loops were both dry, and the mucous memlfrajie ^as 
normal in appearance, except slight congestion at the place of 
ligature between the upper and middle loop. The lower loop 
contain^ several c.c. of turbid greyish fluid. ^ 

The intestinal secretion is thus seen not to be increased Ify 
the drug. 

♦ Action of Casca on Circulation. 

Experiment XXVII. 

Prdiminai'y Experiments on Frog's Heart. , 

A watery solution of the alcoholic extract and a standard 
salt solution were prepai'cd ; the hearts of two frogs erf about 
the same isizo were them removed, and placed for a minute or 
two in ’75 per cent, salt solution. When they had recovered 
from lihe shock of removal, and wei^e beating regularly, one was 
placed in the casca solution, the other in the salt one. At the 
commencement of the experiment the heart, A, placed in salt 
solution, was beating at the rate of 6 per 10 seconds ; the heart, 
B, ih casca, at the rate of 7*5. lloth hearts became weaker and 
their pulsations slower ; at the end of 50 minutes the heart in 
casca stopped entirely, that in salt solution pulsated feebly at 
the rate of 3 per 10 seconds. In 15 seconds more it stopped. 

In;^Exj)eriment XXVIII we rej)cated the foregoing experi- 
ment with a mvich stronger casca solution. The hearts at the 
commencement of the experiment were beating at the rate of 
4 per 10 seconds. At the end of 30 minutes the heart, B, in 
casca, which had previously got very slow and weak, stopped, 
while the standard heart, A, was still beating strongly and 
regularly at the rate of 4 per 10 seconds. 


Experiment XXIX. — March 7. 

The heart of a frog whose cerebrum had been destroyed was 
exposed. Pulse 72 before injection. 

h. 

11 40. Injected 2 ac. alcoholic solution beneath skin of back. 
11 60. Pulse 60 ; regular. 


2 K 2 
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''f2S^:’rulse 48.. . 

12 l|)^^ !Pvil8e 60. Clonic convulsions. 

12 15. Ventricle stopped in systole, firmly contracted^ in its 
f ‘greater part, with a pouch-like dilatation of a small 

portion. Auricles still contracting. 

12 27. Ventricle firmly contracted. Still partial contraction 
of auricles. Eespiration and slight convulsive move- 
ments continue. 

12 50. Eemoved from frog-hoard. The ventricle is not so 

4 firmly contracted. Still respiring and occasionally 

convulsed. 

1 0 P»M. Ventricle relaxed. Sliglit movements of it have 
recommenced. 1*4 c.c. alcohol solution again in- 
jected. 

1 7. Ventricle again firmly contracted. No respiration. 
Still slight reflex movement. 

1 30. Died with heart in same condition. 


Experiment XXX. — May 10. 

The heart of a frog was exposed, and a little extract of casca 
placed on it. Pulse 34 per minute. 

It had no apparent action. 

A watery solution of casca was then poured into the thorax. 
The pulse became slower, = 24 per minute. 

The ventricle then expanded in-egularly ; the diastole at the 
base being later than that at the apex. 

Then the distention became imperfect, the ventricle seeming 
wrinkled. 

The heart then stopped in systole, having two pin-point, 
dilated pouches on it. 

These experiments show that a very weak solution of casca 
applied to a frog’s heart, when removed from the body, slows 
its pulsations, while, after the application of a stronger solution,, 
the pulsations become slow, then the systolic contraction ceases 
to take place instantaneously over the whole surface of the 
ventricle ; lastly, the heart stattds stilt in systole. 

: When the heart of a frog is exposed, but not removed froia 
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the bodyi and a solution of casca is injected beneathf^e^iHi-^ 
the heart’s action is slowed, and is eventualiy stopped m Sys- 
tole ; ;^vious to its stopping, however, pouch-like dilatations 
are formed ; in this respect the action of casca is similar to 
that of digitalis and other cardiac poisons. * * 

Experiment XXXI. — April 27. 

A oat%as chloroformed ; a cannula placed in the left jugular 
vein and one in the trachea. Artificial respiration was com- 
menced, and the thorax was opened. The heart was beating 
regularly, but it was difficult to count the pulsations. They 
were counted by one person as 90, by another as 180. 

Ten C.C. of a saturated watery solution of watery eatract of 
casca were injected into the jugular vein. Xo apparent effect 
was produced. 

SeVen c.c. more were injected in the course of a few minutes. 
Within about a minute of the last injection the ventricle no 
longer contracted as a whole, but became pouched, the upper 
half seeming to overlap the under half so as to produce a trans- 
verse fold. 

A few seconds afterwards, the lungs, which had hitherto been' 
rosy, became white, and almost immediately the motions of all 
cavities of the heart completely ceased. On irritation of the 
ventricle no movement occurred. 

Loth vagi were divided, but without effect on the neart. 

It was noticed that the rosy colour of the lungs returned, 
although the heart did not again beat. No pulsations were 
noticed in the pulmonary vessels. The heart was perfectly 
firm, and seemed to be in systole; but on tying a ligature 
round the base so as to include the large vessels, it contracted 
to about one-third of its former size. 

The action of casca on the mammalian heart is seen from this 
experiment to be similar to its action on the heart of the frog. 

Experiment XXXII. 

Actwn on Blood-pressv,re in (he Frog. 

^e cerebrum of a large frog was destroyed. A cannula was 
then inserted into the left aorta, and was connected with a 
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,i|aaH|l|ograph, the pulse-wave and oscillation being recorded 
on ai^oiying dnyn, 

: Tbi appended curves give the oscillations of pressure in the 
aorti^ and show that under the influence of casca the^ilood- 
pressure in^ the aorta rises to twice its normal height during 
systole, although it falls to zero during diastole. 

Fio.159 


Normal pulse (10 mm.) 


Pulse three minutes after] 
injection of I c.c. of a j,V,; f 
eolation of casca into hank. J 

^ulse one minute after al 
. second injection of 1 c.c. j 

Pulse three minutes later 



Experiment XXXII L— March 31. 

Action on the heart and blood-pressure of a large dose of 
casca. (For action on secretion of urine also, vide infra) 

A bitch, weight 261 lbs,, was chloroformed. 

A cannula was placed in the trachea. 

„ ,, left femoral vein. 

„ ,, right ureter. 

„ „ left carotid artery. 

The operation was very long, and during it the intestines 
became much congested. 
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The thorax was then opened, and th^i^^i^iart foimi beating; 
respiratory movements recommenced on opening the thorax. 

The bladder was found greatly distended; theie had been 
micturllioii during the experiment, wliieh was probably only 
overflow.* * • 

Remarks. 

We a^cnd a diagram (p. 518) showing the coincident varia- 
tions of mood-pressure and secretion of urine, which will be 
more fully commented on later. {Vide eflect on urinary 
secretion.) 

So far as the ijhenomena of circulation are concerned, thia 
experiment show's that while a small dose of casca slows the 
pulse, an additional one greatly quickens it. This action of 
casca closely resembles the effect of digitalis, which first slows 
the jgttlse by stimulating the vagus-roots, and then quickens it 
by paralyzing the ends of the vagus in the heart. It therefore 
seemed probable tliat the canliac ends of the vagus would be 
found to be paralyzed by large doses of casca. 

It was possible that the primary slowing of the heart's action 
might be due to stimulation of the inhibitory apparatus in the 
heart itself, and not to the action of the drug on the vagus- 
roots. Two questions, therefore, wore to bo settl(?d ; — 

1st. Is the primary slowing of the pulse duo to stimulation 
of the vagus-roots, or to stimulation of the inhibitory apparatus 
in the heart ? 

2nd. Is the secondary acceleration of the pulse due to 
paralysis of the ends of the vagus in the heart ? 

To answer tliese questions the following experiments were 
performed {vide antea, p. 297) : — 

Experiment XXXIV. — March 21. 

Action, on the Heart and Arterial Pressure of a small dose of 

Casca. 

A dog weighing 8 lb, was chloroformed, and kept under 
chloroform during the experiment. 

A cannula was inserted into the right carotid and into the 
right femoral vein. 
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. Time, 


Blood- 

pressure. 

Pulse 
in 10 
seconds. 

Oscilla- 

tions. 

n 

Bespira- 
tibna in 
10 secs. 

m. 

B. 

1 

niTu, 


mzTv. 


#' 


Condition before injection 

110 

18^ 

10 


1 

1 

o5T 

10 r 

7 c.c. xuiy watery solution in- 

r 125 

10 

10 


jected into femoral vein 

i 130 

16 

10 


1 

soj 

Bisc of blood-pressure. Corn- 







menced prolongation of dia- 
stole «. 

155 

14 

10 


1 

45 

Systole fairly sharp, diastole 







very long , • I 

Commencing fall of blood- 

140 

5 

40 




pressure 





2 


Great fall of blood-prcssuro 







and lengthening of diastole. . 

65 

4 

25 


2 

r 

20 J 

Diastole extends over 15 
seconds 

Systole extends over 1 second ; 




■ 



does not vary with res]:>ira- 
tion 





2 

401 

Blood' pressure again lower. 







Diastole further prolonged. . 

45 

i 

30 

5 

8 

oj 

Diastole 20 seconds 

Svstole ^ second. Diastolic 



’• i’- 




curve slightly ailected by 
respiration 





3 

401 

Blood-prcssuro recovering. 






\ 

Diastole shorter • « 

50 

2 

25 

9 

3 

60 J 

Diastole 5 seconds 







Systole ^ second 

Bespiralions affect diastolic 







curve to extent of 3 mm. 





4 

01 

Blood-pre?.sure rising . . 

100 

4 

35 1 

10 

4 

lo; 

Systole and diastole nearly 
equal 

Both affected by respiration to’ 







extent of 4 mm. 





4 

201 

Blood-pressure nearly at the 
height of commencement of 





4 

80 / 





4 

401 

experiments. Systole sharp 
Blood-pressure higher. Dia- 

130 

5 

35 



Y 

stole again prolonged 

140 


60 

10 

4 

50j 

Diastole 4 seconds 

Systole ^ second 







Kespirations affect curves to 







extent of 10 mm. 





r> 

201 

There was again a fall of blood- 





5 

30/ 

pressure with great pro* 







iongation of diastole similar 
to that which occurred at 
2.5 to 2,:^0, but less marked 

; 115 

1 

60 

9 

8 

6 

10/ 

Do.» more marked ' *• 

80 

1 

80 

■■ ■ 4 :, 

6 

20 V 

Gradual fall of blood-pressure. 





■,7' 

30/ 

Cessation ot heart's action 
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P^t WMMTfem (imtiiediately after death).-^!!!^ heart <^ntained 
* blood, and contracted on puncture. The auricjes contracted for 
3 minutes after death. 

This *experiment shows that the action of a small dose of 
casca is to* raise the blood-pressure and slow the hedrt at first. 
Next, when the heart becomes very slow, the pressure falls, and 
finally the heart ceases to beat, and death takes place. 

The C*diac pulsations remained slow from the time of the 
injection of the casca up till death ; and although they at one 
time rose from 1 pulsation in 30 seconds up to 5 pulsations in 
10 seconds, they never came at all near to the normal, which in, 
this animal was 18| pulsations in 10 seconds. * 

The veiy slow pulse here indicates that the vagus is prob- 
ably stimulated by the casca; and the continuance of the 
blood-pressure at the height of 65 jnm. during a cardiac 
diasfSle, lasting for 30 seconds, shows unmistakably that the 
arterioles are strongly contracted by the drug. 


Action on Vagus. 

Mcucimum Imtation. 

Experiment XXXV. — ^March 4. 

A cat, weight 4 lb., was chloroformed, and a cannula was 
placed in the left carotid artery and in the left femoral vein. 


Time. 


Elood- 

pressure. 

Oscilla- 

tions. 

Pulse 
in 10 
secunds. 

m. s. 


mm. 

znm. 


1 0 

Normal curve taken 1 minuto after con- 





noxion of cannula. Oscillation at top 
of rcepiratory curve « 9, at bottom 2 

80 

{?} 

28 

15 

R. vagus ligatured and cut 



2 18 

L. vagus do. do. 

Condition after section of vagi • # a • 

floor 

tiioj 

2 

40 

4 40 

L. vagus iwitated. Coil 5®* •• 

60 

18 

15 


B. vagus irritated. do. •• a. 

65 

12 I 

13 


♦ TtematJ:* here signifies distance in cm. between primary and seoon&i^ 
coils ^ Du Beis Bey mond's indaction-apparatus. 






008 on : THE PHYSiOLOGlCAi AC?riON|OF CASCA EAEK. 


I. 


Time* 


Blood- 

pressure. 

Oscilla- 

tions. 

■ . m 

Pulse 
in 10 
seconds. 

m. 8. 

. 

mm. 

mm. 


‘ 8 10 

Condition subsequent to irritation 

110 

T 

42 


It was thus ascerlained that irritation 





of the ntrciigth of coil 5® was almost 
suffleient to stop the heart’s action 
w'hen applied to the peripheral end of 
either vagus previous to injection of 


■ ■ '¥■ 



casoa 




8 101 

c.c. of casca solution injected gradu- 


' 


9 12/ 

ally into vein 




10 0 

Condition after injection 

12D 

2 

40 . 

11 0 

A clot formed 




12 0 

Condition after clot was removed 

115 

4 

43 

' « 

(Sliirlit improvement of pulse) 




12 35 

Peripheral end of L. vagus irritated. 





Coil6» 

90 

8 

35 

13 0 

Peripheral end of B* vagus irritated. 





Coil 5“ 

95 

8 

.35 


Condition between irritations .. 

12* f 

2 

35 

14 27 

Loft vagus. Coil 0*^ 

8S 

5 

27 


Eight vagus, do. *• 

Com|.)lcto stoppage of hearts action 

110 

0 

0 


without fall of bloi»d-pr(?.saiire 




15 20 

Experiment repeated with li. viigU'*. 
CoilO^ .. 


• 


17 101 
17 44/ 

85 

5 

26 

Fresh injection of 4 c.c. 


i 


18 31 

Condition after injection •• •. 

115 

2 

40 

19 6 

Bight vagus. Coil Commencement 





of irritation 

100 

3 

30 


Bight ^agus. Coil Latter part of 





irritation 

118 

2 

36 

19 30, 

■■i 

1 

Loft vagus. Coil 0®. Commencement 
of irritation 

Left vagus. Coil 0^ Latter part of 
irritation 

104 

4 

30 


120 

2 

35 

20 0 

Left vagus. Coil 0^ Commencement 





of irritation 

121 

2 

35 


Loft vagus. Coil Latter part of 



35 

' 

irritation . , . . , . • , 

150 

2 

20 30 

Cojidition after irritation .. 

120 

2 

40 

22 01 
22 25/ 

A third iiijection of 2 c.c. was given 




24 25 

.And the central ends of the vagi ex- 


j 



]50sed for irritation 




24 80 

Condition before irritation . « « . 

120 

2 

40 

25 12 

Central end of left vagus irritat ed. 

CoilO® .. 

(Blood-pressure increased j pulse nearly 1 

130 

1? 

30 


26 60 

extinguished) 1 

Condition after irritation •• •« 

125 

2 

■ ■ -34 . 

26 80 

Bight vagus. Coil 0^ •> •• 

(Effect as before) 

130 

1 

34 
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Time. 



Blood- 

pressurtf. 

Oseilla-^ 

tions. 

Pulse 
in 10 
seconds. 


P ■ ' “ ' '■ • • ' ■ ' ■ ■ 


inm. 

mm. 


27 : ' G 

28 16 

Cofidition after irritation 

The sciatic nerve was exposed and iri*i- 

120 

2# 

36 * 

toted with coil 5^ 

« a « • 

135 

2 

37 

28 45 

Condition after irritation 

• « a. • 

120 

2 

36 


This experiment shows that when both vagi are divided the 
injection of a small dose of casca no longer slows the heart ; 
and therefore the slowing usnally observed afhu’ its administra-; 
tion is due to stimulation of the vagus-roots and not to stimu- 
lation of the inhibitory apparatus in the heart itself. • 

It also shows that a large dose completely paralyses the ends 
of tho^vagus in the heart, so that a strong interrupted curi’ent 
applied . to the trunk of the nerve produces no slowing of the 
cardiac puLsations, 

Acthn of a Small Bose on the ExcUability of the Vaym. 

As It has been stated that digitalis in small doses increases 
the excStebility of the ends of the vagus in the heart, so that a 
slight irritation applied to the trunk of the nerve will cause 
slowing or stoppage of the heart after the administration of the 
drug, although previously it had no effect, it seemed advisable 
to ascertain whether or not a similar action was possessed by 
casca. The following experiment was therefore tried : — 

Minimum Irritation of Vayus {peripheral end), 
Exi>eriment XXXVI. — April 6. 

A cat, we^ht C lbs., was chloroformed, and kept under chloro- 
form the whole time of the experiment. 

A cannula was inserted into the right carotid artery and ' 
into the right fernoi'al vein. 

Both vagi were then out, and the peripheral end of the right 
vagus attached to Von Basch’s electrodes. 

Operation lasted half an hour j the cat at first very feeble» 
afterwards recovered. 
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Time. 


! 

Blood-: 

Oscilia- 

■■■ 

Bul^ in 


pressure. 

tions. 

10 sec. 

111. «. 


mm. 

mm. * 


1 50 

Conditioa previous to irritation^ both 


■ fi 



vagi being cut • . « . 

120 

1-2 

40 

2 0 

Eight vagus irritated. Coil 30®. No 
effect .. .. ,• .. . 

f 120-1 
1 125/ 

1~2 

42 

Z 20 

Bight vagus irritated. Coil 25®. This 





iiTitatiou was suflicient to alow the 


f;. . 



heart and lower blood-pressure 

100 

5 

20 . 

5 0 

Condition previous to injection • . 

As the cat was atronger^ the normal 

155 

2 

■i 

44 


mininiinn irritability was again tried, 



* 


and coil 25® was again found to be 
the weakest which produced any 





effect 





IJ- c.c. casca solution, as in Experiment 




6 30J 

XXXIV, injected into femoral vein 




*7 0 

Condition after injection. . 

176 

2 

42 

7 30 

Vagus irritated. Coil 30*. No effect, . 

175 

2 

40 

8 0 

Vagus irritated. Coil 25®. No effect. , 

180 

2 



From this experiment it appears that the excitability of the 
peripheral terminations of the vagus-nerve is not increased by 
casca. 

Action on the Voffiis-roots. 

The slowness of the pulse which quickly follows the injection 
of casca, and which we have already shown to be due to stimu- 
lation of the vagus-roots, might be caused either (a) by stimu- 
lation of the central end of the vagus by increased blood- 
piessure in the nerve-centres, or (6) stimulation by tlie direct 
action of the drug itself ; (c) it was also possible that without 
actually irritating the vagus-roots the casca might increase 
their sensibility to other stimuli, reflex or otherwise. 

affect on Minimum ExcitalUity of the Vagus^oolA 
Experiment XXXVII. — March 30. 

A cat, weight 4 lbs., was chloroformed. 

A cannula was inserted into the trachea. 

• „ „ left carotid. 

„ » left saphena vein. 

The tight vagus nerve was cat, and its central end ptaced in 
a Von Baseh's electrode. 
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■ left vagus remain^ intact A ^^j^lutiou ^ th^ watery 
textiact'#as:used. ^ 


' Timt. 

• 

Bespi ra- 
tions in 

Blood- 

'■ 

Oscijla- 

Pulse 
ill ^ 



10 sec. 

pressure. 

tions. 

10 sec. 

m; 0* 



mm. 

irim. 


0 0 

Condition beforo experimont . • 
lie normal excitability of the 

4 

105 

1-2 

3S 

-il 0\ 





2 20/ 

central end of the right 
tagUB was then tested ; it w as 






found that coil 10® produced 






slight slowing of the pulse 
and fall of blood-pressuro, 
wliile the respirations became 
slower and deeper. This was 






the slightest irritation whicli 
produced any ellbct . . , . 

2 

100 

8 

30 

B 30 

Condition after irritation • , 

2 

110 

1-2 

34 

4 Pi 

*5 c.c. injected 




■ 

4 30^ 

Condition after injection 
it iso of blood-pressure, No 

3 

140 

1 

34 


alteration of pulse. Bespira- 






tions quickened and respim- 
tory oscillations increased 





5 0 

Central end of right vagus irri- 
tated. Coins"’ 

No effect 

8i 

140 

1 

34 

6 0 ^ 

5 Central end of right vagus irri- 1 
tated. Coil 10® 

Same effect as beforo injection. 

2i 

135 

1 

33 

7 0 

Second injection of li c.o. 





8 0 

Clot formed and I’emoved 





9 0 

Condition before irritation 

3 

12i.) 

2 

43 

9 30 

Irritation with coil 10® 

The thorax remained in a state 

0 

120 

2 

1 

40 


of permanent inspiration 
during irritation, while tlio 





10 01 
10 5/ 

effect on the heart and biood- 
pressuro was nil 





Irritation with coil 6® . • 

No effect on heart. Bespiration 

0 

115 

2 

40 

I 


as before 





10 8 

Condition immediately follow- 






ing irrilal ion , , • . 

Slowing of pulse. Great fall 
of blood-prcssuro. Great 
oscillation. Systole and dia- 

3 

00 

28 

12 

15 01 

stole of samo length, with no 
pause between them 





Irritation with coil 8® . . 

0 

12) 

2 

40 

16 30 / 

As before there was no effect on 






the blood-pressure or pulse, 
and there was permanent in- 



■1 
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Time. 

f:: 

Respira- 
tions in 
10 sec. 

■■ 

Oscilla- 

tions. 

j ■ ■ ■ 

Pulsd 

in 

10 sec. 

m. 8. 

• 

15 35 

p|iraiion during tlio irrita- 
tion 

Condition immediately after 

1 

mm. 

1..' 

mm* 

16 

irreg. 


irritation. See remarks on 
after effect of coil 6^ 


30 

15: { 

16 0 

Gradual cessation of after effect 

2 

100 

7 c» 

22 

16 30 

17 0 

After effect ceased 
j Coil Irritation repeated 

with same results 

Oi 

120 

2 

35 


In this experiment, as well as in several others, the blood- 
pressure rose without being accompanied by a slowing of the 
pulse, and this indicates that the latter is not dependent on the 
fonner. ^ 

The excitability of the vagus-roots to reflex stimuli does not 
seem to be increased by casca, as a stimulus of the same 
strength applied to the central end of one vagus had a similar 
effect before and after the injection of the drug. We ■would 
call attention, however, to the very extraordinary effect which 
succeeded the application of a stronger stimulus, an effect which 
seems all the more extraordinary from occurring after the 
stimulus had ceased, and not during its application. 

Irritation of the vagus-roots by the carbonic acid accumu- 
lated in the blood during the tetanic inspiration, which lasted 
during the irritation, at once suggests itself as a cause of the 
slow pulse which followed the irritation ; but the fact that the 
pulse was not affected when the distance of the coil was 10 cm., 
although the thorax was tetanically expanded, seems to indicate 
that the slowing which followed the stronger irritation from a 
secondary coil at 8 or 6 cm. distance from the primary was due 
to reflex action, which the first irritation bad been too weak to 
produce. 

From Experiment XXXV it will be seen that after ihe 
administration of a large dose of casca, irritation of the vagi, 
irrstead of producing slo-wing or stoppage of the heart's action, 
increased the fi^quency of its pulsations. The acceieretion 
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was equally great after irritation of the left, as after ^ritation 
^ of the right vagus. This shows that the accipieratcfr-fibres in 
the vagus are not paralysed by casea, and also that accelerator- 
fibres, iteough usually, according to Boehm, contained only in 
the riglit vagus, may occasionally be present in the Itfft. • 
The effect of irritating the other accelerating nerves of the 
, heart contained in the rami cardiaci or in the sympathetic cord 
was not cffamiiied. 

Action on Cai.‘Diac Ganglia, Effect on Pulse, &c. 

Experiment XXXVIII. — June 10. • 

A moderate-sized cat was chloroformed, and caniiulfe were 
placed in the carotid artery and jugular vein. 

A solution of 3 c.c. of saturated alcoholic tincture added to 
50 c..c^of water was used for injection into the vein. 


Time. 


Blood- 

X)re4S8uro. 

Oscilla- 

tions. 

Pulse in 
10 sec. 

B ® 

Condition before inioction , • 

mm. 

lUO 

mm. 

25 

23 

.1 20 

1 30 

Injected 1 c.c. casca solution 

Condition shortly after injection . . 1 

180 

60 

14 

2 0 

Sitie of blood-pressure, slowing of pulse 
Later, quickening of pnlao 

165 

7 

20 

3 0 

Same etlect, more marked • • . • 

I 175 

5 

36 

4 0 

Commencing slowing of pulse . * 

1 170 

6 

30 

4 30 

»» ji • • * 

1 140 

8 

30 

5 0 

tf j» • * • 

1 150 

14 

24 

5 5 

5 40 

Further injection of 1 c.c. casca 
Secondary slowing of pulse w'itli Jful of 
blond -pressure . . 

i 

’ 113 

25 

16 


From this experiment it is seen that after the primary 
slowing due to stimulation of the vagus-roots and the quichen- 
ing due to paralysis of the vagus ends in the heart, a second 
slowing occurs. 

This second slowing might be due either to stimulation of the 
inhibitojy apparatus in the heart or to weakening of the cardia 
motor ganglia. 

The latter seems improbable, from the fact that each systole 
during this slew period instead of being weak is exceedingly 

2 h 
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&lwng, t^e pulsatioa in an artery being felt very powerfnlljr 
when the finger js laid upon it, and the rise of pressure during'’ 
it' being very great, as shown by the oscillation of the mercurial 
column of the manometer. ;» 

» In order to ascertain more exactly whether the*^ inhibitory 
cardiac ganglia were stimulated or not the following experinaeht 
was tried: — 

Experiment XXXIX. * 

A dog was chlorofonned, and 7 c.c. of a concentrated watery 
solution of casca were injected into the jugular vein. 

The pulse at the time of injection "was 37 in ten seconds. 
In ten seconds after the injection it sank to 20. After the 
injection of 3 c.c. more the pulse rose to 37. After a further 
injection of 26 c.c. more in divided doses it again sank to 16. 

This number was, however, uncertain, as the tracing* was a 
very imperfect one. 

The injection of 1 c.c. of liquor atropise, B.P., did not seem 
to alter the number of the pulse, but the injection of j a c.c. 
more seemed to cause it again to become quick. 

This seems to indicate that the slowing is due to an action of 
the casca on the inhibitory ganglia. The imperfection of the 
tracing renders the result somewhat uncertain ; but want of 
time prohibited us from repeating the experiment, although we 
greatly desired to do so. 

Experiments XL, XLT. — March 15. 

The effects on the capillaries of the frog’s web were micro- 
scopically observed in Experiment XL after an injection of 
casca under the skin of the back, in Experiment ]^I when 
locally applied to the web. 

The capillaries were observed with oo. 2 obj. 4 of Hartnack. 
In the first case, i.e., after the drug had been injected* tli® 
results were purely negative. In the second, after application 
of a drop of strong casca solution to the web, the faults were 
also indecisive. In the capillaries, and also in the largmi: Irnnka, 
the current was at first slowed, and in some pCrmanCntl’etp^ifl 
occurred. When slowing only was produced, the partial a«est 
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WM followed by reaction, which did not exceed the original 
> repidity of the circulation. No dilatation or contraction of the 
vessels was seen to accompany the original slowing. 

Althaugh the results of experiments on the frog’s web gave 
■no definitekinformation regarding the contraction of the arteriol^ 
trhder the influence of casca, yet no reasonable doubt can be 
entertained that in mammals they do contract; for this is the 
only posable explanation of the exceedingly slow fall of the 
blood-pressure during the intervals between the beats of the 
heart when these have become slow, either from the action of the 
drug or from initation of the vagus-trunk. (Cf. a'lUea, p. 143.) ^ 

In order to ascertain whether this contraction was due to the* 
action of the drug upon the vasomotor centre in the jiedulla 
oblongata or in the vessels themselves, the vasomotor centre in 
the medulla was separated from its connection with the vessels , 
by division of the spinal cord in the neck pi’cvious to the injec- 
tion of casca. 

Effect on BLOon-rRESsuEE after Division of Cord. 

Experiment XLII. — May 17. 

A large strong cat, weighing 7J lbs., was chloroformed. A 
cannula was inserted into the left carotid, and anotlier into the 
jugular vein. The spinal cord was then divided opposite the 
second cervical vertebra, and artificial respiration kept up. 


Time. 


Blood- 

pressure. 

Pulse 
in 10 
seconds. 

Oscilla- 

tions. 

m. 8. 

0 0 

Condition after section of cord and pre- 

uiia. 


mm. 

0 3V 

0 rr 

vious to injection of casca 
injected 1 c.c. watery solution of casca 

80 

25 

5 

0 10*^ 

• a •• •• * 

81 

25 

5 

0 20 

• « •• •• V* 

l:?0 

18 

12 

0 30 

• #• a« •• •« •• 

140 

13 

20 

0 40 

«« «• •• •• 

150 

13 ! 

25 

0 60 

■ . • • * - • • ♦ • • • • • 

150 

38 

12 

16 

•• •• •• 

175 

28 , 

5 

Itt 

mm •• •• ■* 

190 

32 < 

4 

1 20 

• • tt •• •• 

200 

34 

2 L S 

3 

> 

i 
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Time, 

f 

i 

1 

Blood-r 

pressure* 

Bnlee 

i^ondii. 



P. 8 ci)|a- 

iiotis. 

in. 8 . 
c 1 30 

1 

mm. 

. 210 

si 

mm. 

3 

1 4J 

1 

220 

41 

. ■ ■ 

2 0 

• • «# •« 

zso 

44. 

■ a.-,'- 

2 10 

Sudden alteration in character of pu^«e, 
which becomes slow. The curve llat- 
topped, and both systole and diasfole 
showing numerous secondary oi^cilla* 
tion 8 .« Blood-pressure falling 

190 

■ ; 

■ . 

■: 4^r 

2 20 


180 

6 

30 

2 40 

■ 

165 

6 

' - ■ 

3 0 

Blood-pressure rapidly falling • . . . 

130 

6 

.. 

3 20 

: Both pulse and oscillations are veiy 
irregular .4 •• 

100 

6 

i 

3 dO * 


80 


'■■■ i'' ■ ■ 

3 50 


25 



4 0 

There was no more pul.^ation after this j 
but the blood -pressure look 1 minute 
30 seconds to fall quite to zero 

On opening the thorax the heart was 
found moderately contracted; elec- 
trical stimulation of the phren*c nerve 
caused contraction of the diaphragm 

10 


V 


The result of this experiment will be seen all the more clearly 
by the following diagram, Fig. 160, in which they have been 
graphically represented. 

The rise of pressure in this experiment was greater than in 
any other in which the cord had not been divided. This speraedi 
to us so extraordinary that we thought at first that the cord had 
not been properly divided ; but a careful dissection made ihimo- 
diately after death showed ns that the division w^as pomplete^ 
A year or two ago this result would have been regarded as a 
proof that the drug acts on the vessels themselves ; but recent 
re.searches having show'ii that ranch more importance must be 
attributed to vasomotor centres in the cord and in the jHjiiphery 
than was previously done, we cannot say whether .drag acts 
on these centres or on the walls of the vessels thenc^^ lii^ ^ Tjie: . 
non-contraction of the vessels of the frog’s web 
that the action of the drag is rather ofi nervous 
'cord or neighbourhood of the vessels than on tho vascular 
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1. 'i-r ^ II , 4,;' in 



Fjo. 160 . 


Ill order to exclude all centres except those in the periphery 
E.'cperiment XLIII was performed. 

Experiment XLIII. 

Tlie sjmapathctic cord was divided on the right side of the 
neck of a mbhit and the animal allowed to come out of the 
chlorofoi|ip, amesthesia. The ear of the right side was deeply 
injected while tlie left ear was very moderately filled with 
blood. A dose of casca was then adrniiiistereu. The vessels of 
both eai« became pale, those of the right eai eipuilly so with 
tb(^ of other. 

■ by the Dbug. 

;N^ V^iJ(4 bf,which the blood-pressure in the body is chiefly 
l^feted are/’those of the intestines, those of the skin and 
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iiuTScles tjeing very much less under the influence of the vaso- 
motor centre in <the medulla. As casca acts on the vessels 
without this centre, liowever, it was natural to suppose that 
other vessels than those of the intestines might he affected; 
aiM this the curves show to bo the case. During the*’ stoppage 
of the lieart (Experiment XLII) for half a minu^ the pressure 
fell only slightly. Now Ludwig and Hafiz found that When 
contraction of the abdominal vessels was produced by ftritation 
of the vasomotor centre in the medulla oblongata, complete 
stoppage of the heart was followed by a rapid fall in the blood- 
pressure, the blood finding its way out of the arterial system 
into the veins through the vessels of the muscles. The slow 
•fall aftef the administration of casca shows that the vessels of 
the muscles must be contracted as well as those of the skin and 
intestines. 

Action on Secretion of Urine, 

A detailed account of our experiment on the action of the 
drug on the urinary secretion, together with the accompanying 
effects on the circulatory system, will be found in pp. .503 and 
504. Underneath is a diagram showing the close dependence of 
the rate of secretion of urine upon the blood-pressure (Eig. 1611 

Experiment XXXIII. — March 31. 



Fio. 161 . 


Hemarks. * 

■* 

The results of this experiment, as regards the vascular 
phenolbena of blood-pressure> pulse, &c., have been already 
fully noticed. ♦ • 

The aetion of the drug on the secretion of urine is seen to be 
vei’y marked and characteristic, and the dependence of the 
seci’etiaft on the blood-pressure is well shown in the accompany- 
ing chart. 

' Thus the average rate of urine secreted before administration 
of casca being 5 miiiiins in 10 minutes, an increase of 50 mm. ui 
the blood-pressure caused by the drug brought tha^ate of 
secretion of urine up to 25 minims. When the action of the 
drug was further x)ushed there was first decrease and then total 
supjn’ession of urine, the blood-pressure at the time of suppres- 
sion 1>eing 200 mm. of mercury. 

Subsequently as the blood-pressure fell the secretion of urine 
recornniericed. 

The physiological explanation of these successive phenomena 
appears to be that the primary increase of blood-pressure pro- 
duces arterial fluxion to the kidney ; but that if the action of 
the drug is pushed, the renal vessels become contracted so as to 
prevent the blood reaching the kidneys, notwithstanding the 
high pressure in the arterial system. It is worth notice that 
the urine collected after the secretion had recommenced did not 
contain albumen. 

In this respect the result of this experiment differs from those 
obtained by Mr. Power and one of us in our experiments on the 
action of digitalis ; it coincides, however, with those experi- 
ments in its general results. (Of, antea, pp. 410 and 412.) 

Action on the Pupil and Lackymal Gland. 

In order to see if the drug exerted any local action on either 
of these oigans, we (Experiment XLV) placed some drops of 
strong watery solution of casca in the eye of a cat, but with 
purely negative results. 
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Action ON Muscle. 

Effect on Structure of Muscular Tissue. 

The effec^t on fresh muscular tissue of immersion .in casca 
sofution was carefully watched ivith an oc. 3 ohj. 7 of Hart- 
Jpack’s microscope without any change in the structure being 
^^diseovered (Experiment XLVI). Wc then (ExperimenJt|^LViI, 
Itfaroh 22nd) examined the “naked-eye” and microscopical 
d^ges produced in muscular tissue by prolonged iriimersion 
ui ja Watery solution of the alcoholic extract, the effect of 
which solution in preventing the development of Bactervi has 
already “been detailed (p. 493). 

A. The solution in which the muscular tissue had been 
placed presented, in addition to the absence of Bacteria, a few 
noteworthy points ; it preserved its original slightly resinfhs 
smell, and deposited a fine light-brown sediment, wliich, muier 
the microscope, appeared as a granular structureless detritus. 

B. The muscular tissue to the naked eye appeared hardly 
altered in consistence : the fibrous sheath was finn ; there was 
no smell. Under obj. 7 Hartnack the fibres Avere seen to be 
very granular, in part only presendng their transverse striation ; 
the general appearance closely resembled ordinary fatty degene- 
ration. Some of the fibres were then soaked in ether for 24 hours ; 
on examination after this the granulations had in great part 
disappeared. Many of the fibres appeared to consist merely of 
collapsed tubes of sarcolemma ; where they were not collapsed 
they showed plain transverse strue. 

Six weeks later the muscle was again examined ; it having 
remained in the same casca solution all the wliile, it was now 
reduced to the condition of a rather tough gelatinous pulp ; the 
sheath of the muscle retained its strength. Umier the micro- 
scope there was seen a mixture of granular and fibrous material, 
with a large quantity of oil-globules and flat crystals, and when 
treated with ether these were completely- removed. 
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E^ect on the Lifting-poroer of Musute. 

Experiment XLVIIL 

The*lifting-power of a frog’s ga.strociu?niius wliidi had been 
placed iu*a solution of casca was comjiared witli that of* a 
similar preimration placed in salt solution, hy attaching the one' 
muscle as quickly as possible after the other to an apparatus for 
estimatiiig their lifting-power connected with a revolving drum. 
The irritation.s were made witli electrodes connected wit1i -a 
Leclanchd’s battery. 

The results of our first experiments appeared to show thajf 
the drug possesses a stimulating action on tlie lifting-pe^er of 
muscle ; but on repeating the experiment this result was not 
confirmed — the conclusion we drew from the whole series of 
experiments being that muscles wliieh had been immersed in 
ca&a ^nd salt solution respectively possessed nearly the same 
lifting power. 

Effect on Mnscle-curres. 

Expierimcnts XLIX, L. 

Two frogs were injected with casca, and when they seemed 
dead, nerve-muscle preparations were made of the gastrocnemii. 
In Experiment XLIX the preparation was attached to a Fick’s 
pendulum myograph, and a tracing taken. In lOxperiment L the 
nerve-muscle was made to trace on a revolving cylinder : the 
curves obtained in these experiments are evidently normal. 

In Experiment LI the action on the sensibility to electrical 
stimuli of muscle and motor nerves was tried, also with com- 
pletely negative results, by making two nerve-muscle pirepara- 
tipns of a frog’s ga.strocnemii, and immersing one in casca 
solution, the other in salt solution. The sensibility of the two 
preparations was then tested by various strengths of a Du Bois 
Keyniond’s coil connected with a Leclanchd’s battery. The two 
muscles responded quite similarly. 

Remarks on the Action of Casca on Mvscle. 

I. When applied to fresh muscular fibre no change is observed 
in its histological details. 
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2. In si^dition to the absence of the development of Bad&ia 
which is noticed when muscular tissue is placed in a watery 
solution of the alcoholic extract, and which has already been 
remarked upon, the structural changes which the muscular 
ti^ue undergoes appear to consist in a fatty metamorphosis, 
which at first simulates veiy closely that of ordinary fatty 
degeneration, while the later appearances resemble those of the 
more complete fatty changes which go on after the Ifieath of 
a tissue, large oil-globules and abundant crystals of the fatty 
acids being everywhere found. 

*, 3. It does not diminish the lifting-power of muscle in a 
nerve-hiuscle preparation, nor when the irritation is applied: to 
the mu^le itself, and it probably does not increase it ; for 
although apparently positive results were attained on the first 
occasion when the lifting-power was experimented on, these 
results were not borne out by further experiments. ^ 

4. The muscle-curve given by a nerve-muscle preparation 
taken from a frog poisoned by a large dose of casca appears to 
be quite a normal one. 

5. It also exerts no action on the sensibility of muscle to 
electrical stimulation if this .sensibility be tried quantitatively 
by estimating the weakest interrupted current which will pro- 
duce a contraction. 

From all these results, then, it may be concluded that while 
the drug produces a peculiar and characteristic change on 
muscular tissue immersed iu it for some days, it is not a muscle- 
paralyzer. 


Action on Motor Nerves. 

If casca had any paralyzing action on the ends of motor 
nerves similar to that of curare, it would be found that after 
immersion in a solution of the drug the muscle would respond 
to electrical stimuli directly applied to it, but not to those 
applied to. the nerve. In Experiment LII, however, the nerve 
also is seen to preserve its irritability, and therefore we may 
conclude that casca has no action on motor nerves. 
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Actios os Seksory Nerves. * 

Effect on Itejlex ExdtaUlity. 

* ^ Experiment LII. —March 22 . ^ 

The cerebnimofalivingfrogof medium size was destroyed. 
The circulation through the left leg was cut off by hgatunug 
the artfrial trunks above the knee (vide lig. 162 ). The ^latic 
ueiwc w^s left uninjured, i c.c. of the alcohohe extract was 
then injected beneath the skin of the back. 



Eio. 162. The eha.UT.g indicates the part to the bo"*? 

ci^od by the blood. The unshaded part was protected by the ligature 

from the action of tlic poison. 


■the refl« excitability aaa then tested at intervale ofb 
inimitea by irritating points above and below the ligntnre. Ho 
difference in the sensibility could be detectec. ^ 

As the frog was very little aff-ected by the injection, another 

^ ‘'Im’jrog'Sue insensible to reflex irritation in 25 minutes ; 
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during tl)fe time the irritability was tested every 5 minutes as 
before : the rates o| increase of insensibility appeared to be 
above and below the ligatures. 

In this experiment the poison was applieil to the temiinttions 
of the sensory nerves above the ligature, but not to thoRe below 
it. Had it possessed any marked power of diminishing the 
sensibility of these nerves, a stimulus applied above the ligature 
would have had less efiect than one applied below it ; VRit this 
was not tiie case. 

The poison therefore seems to have no action on sensory 
ngrves, at any rate none of a paralyzing character. 

Action on Jtcjlex. 

Experiment LI 1 1. 

In this experiment the action on reflex was tc.stcd by apply- 
ing a very dilute solution of sulphuric acid to the leg of a frog 
with its cerebrum destroyed and suspended by its head. Its 
normal initability was then tested. The tips of the toes only 
were immersed in the acid. Contraction was immediate and 
lasted 3 minutes (right leg). A ^ c.c. alcoholic Solution was 
then injected ; the animal immediately hung moi’e flaccid ly. 
6 minutes afterwards, on immersing the tip of the toes of the 
right leg, slight contraction occurred after 63 seconds. A 
quarter of an hour later, on immersing half the leg, contraction 
was immediate and lasted 5 seconds ; in 10 minutes more a 
similar immersion produced contraction after 10 seconds, and 
5 minutes afterwards after 15 seconds. 50 minutes after the 
injection of the dnig the acid solution produced no reflex move- 
ments, and only slight ones were excited by pinching. Keflex 
ceased last in the eyelids 1 hour and 20 minutes after the casca 
had been injected. 

In Experiment LIII the reflex excitability disappeared very 
much more quickly than it usually does. 

This might be due to the action of the drug on the spinal cord 
itself, or to the cessation of circulation caused by the action of 
the drug on the heart. 

In order to decide this the following experiment was madft 
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Experiment LIV. i 

The heart of a frog was exposed and casca administered. 
As soipn as the heart Jiad ceased to beat tlie heart of a second 
frog wasjigatured at the root of the aorta so as completely ^to 
arrest the circulation. At first both frogs wore able to jump 
readily ; but gradually their movements became more sluggish, 
and afte^ a jump their legs trailed out behind them and vvere 
only slowly drawn up to the body. They became less and less 
sensitive to pinching, and insensibility and loss of motor power 
occurred simultaneously in both. 

The diminished power of movement and diminisbejj^vfle^c 
action observed in the frog after the administration ot^f;asca is 
therefore due to the arrest of tlie circulation caused by it, not 
to any action of the drug upon the nervous system. 

> ■ 

Antagonism between Casca and Atkopia and Giilokal 

IIyduate. 

The remarkable result of Experiment XXIV, in which a dose 
of casca, usually fatal, produced no etfect in an animal with 
divided vagi, seemed to render it probable that such a drug as 
atropia, which paralyzes the ends of the vagus in the heart, 
might have an antagonistic action. On trying it, however, it 
was found that the vomiting caused by the casca was twen more 
violent than usual ; and therefore a combination of atropia with 
chloral hydrate was employed, the chloral being given to lessen 
the irritability of the vomiting centre in the inediilla. 

The results were not satisl'actory, as will be seen fjom tlie 
two following experiments. 

Experiment LV. — May 1, 1876. 

About 11.40. Injected 4 c.c. of liquor atropiie under skin of 
flank of cat A. 

12**. Injected 4 c.c. of a saturated alcoholic solution of alco- 
holic extract of casca under skin of flank of cats A and B 
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Sick and Tomits. Dtir|pg the 
I intervals between tbe nts of 
Tomiting seemB welU 


Very sick ; vomitif^. Seems Vomiting. Disinclined to move, 
mure uneasy tkan B« When disturbed and made to 

walk its hind legs give a shake 
as if to shake off something 
sticking to the feet every time 
tliey are drawn up. 

^ 1 0 Very sick. Very sick. Brings up fluid, which 

V, 1 appears to be digested meat. 

Kespirations 18 per minute. 

1 15 Gives loud squalling cries when Seems weaker, 
retchiiijr. 

1 30 Seems easier; not retching. Twitch or rather shake of hind 

legs is very marked. 

2 35 Walking about. Seems unable to move. « 

2 40 •• •• •• •• •• Violent retching; crying. Con- 

vulsive extension of legs and 
einprosthotonos. Then, two or 
three sighing respirations; a 
pause; one or two respirations 
at intervals ; then death. 

Uas been vomiting at intervals. 

Has a violent fit of sickness 
and dies in the same way as B. 

Post mortem. 

Stomach confAins a quantity of | Stomach empty, not congested. 


Crouching, trembling, and seems 
about to be sick. Licks its lips. 
Hind eyelid much drawn up. 
Very sick ; vomitif^. Seems 
mure uneasy than B. 


food. Heart moderately con- 
tracted. Ventricles continue 
to make slight pulsations, au- 
ricles not. Lungs somewhat 
congested. No congestion of 
interior of stomach. 


Heart moderately contracted. 
Lungs normal. 




627 


iJiJTAGOiilSM TO ATEOPIA AKO CHLORAL. 


Cat A* 

Large. 

h. in» 

13 3. Injaeted SO minims 
liquor atropiie sub- 
cutaneously. 

12 20. Injected 6 c.c. satu- 
rated watery solu- 
tH^n and suspension 
of casca. 

12 30. Vomited, 

12 46. Vomiting has been 
repeated 3 or 4 
times. Is lying on 
its side and cannot 
stand. K. 144. Ahe 
nasi working. 

12 62. Eyelids much drawn 
up. Respiration 
irregular. 

12 55.#Gasps ; seems to try 
but to be unable to 
vomit. Em pros - 

tbotonic spasms. 

12 68. Muscular twiteb- 
ings. Slow .sigh- 
ing respirations. 
Death. 

Cut A lived 38 minutes 

after injection of casca. 


Experiment LVL 

Cat B. 
Medium. 

b. m. 

12 45. Injected 15 grs. 
of chloral hy- 
drate and l5 
minimsofliquor 
atropiee with 
5 c.c. of casca. 

12 58. Mewing. 

12 59. Vomited twice. 

1 9. Vomited again. 

1 14. lioud viobmt 
retching but no 
vomiting. 

1 15. Involuntary ex- 
trusion of fteces 
and urine. 
Died. 

Cat B lived 30 minutes. 


Cat C, 

Large and strongs 

h. m. 

12 40. Injected 5 c.C|i of 
the same casca 
solution. 

12 49. Very restless* 

12 52. Vomited for first 
time. After 
this it vomited 
frequently, but 
remained rest- 
less. T. 371°. 
1 30. Died rather su^- 
denl^%.4th vio- 
lent**^ gasping 
and ifemprostho- 
tonic spasm. 

Cat O lived 50 minutes. 


In this experiment the cat which had received the casca alone 
lived longer than the others. 



NOTE ON INDEPENDENT = PXJI^A^ION* OF 
* THE‘ PULMONARY VEINS AND ‘VENA 
CAVA. 

Ill conjunction with Siu J. I'AYIiEE, M.I)., ILCS.I. 

(From tho Proceedings of tJie Xogal Society, No. 172, 1876.) 

■K. 

a conimnnication* we incidentally mentioned that in 

a rahbit fcilled by the injection of cobra poison into the jugular 
vein we had observed the pulmonary vein pulsating after all 
motion had ceased in the cavities of the heart We have since 
observed the same plienomcnon three or four times undfef con- 
ditions which show that tliis pulsation is not due to the action 
of the cobra poison with which the animal in which wo first 
observed it had been killed. Tlie following example will show 
the changes in rliytlim observed in these pulsations. 

A cat was chloroformed, and the A'^agi exposed and in-itated 
by an intemipted current. Artificial respiration was kept up 
by air containing chloroform vapour, and the thorax was then 
opened, and a solution of atropia injected directly into the heart 
by means of a Wood’s syringe. The vagi were again irritated, 
but without any effect being produced on the lieart, the inliibi- 
tory apparatus in it being evidently paralysed by the atropia. 
A vsolutionof glycerine extract of physostigma was now injected 
into the heart in a similar way. The vagi were now irritated 
again, and the heart stood still, the effect of the atropia having 
been counteracted by the physostigma. After the irritation 
ceased the heart again commenced to pulsate. 

Artificial respiration was now discontinued, but all the cavi- 
ties of . the heart continued to beat for a considerable time. The 
veiitricles then stopped, but the am-icles continued to beat. It 
was then noticed that the pulmonary veins in the right lung^f 

^ Prooeedings of ihe "Royal SoHety,W14t^yQ\, XXUi'g, 12ho 
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'\wli5eli exposed "to view, were pulsating. Tlie veins, iUS well 
as both auricles, pulsated at the rate of 119 pernniiiiite, but the 
eontractions of t!ie not synchronous with those of 

the auricles; Both next ceased to beat, but the pul- 

inonary veins in both lungs continued to pulsate. TheVentricle}^ 
now began to beat again, wdiile the auricles remained still. The 
ventricles pulsated at the rate of 8 per minute, while the pul- 
luoiiary vSns pulsated at the rate of 4G per niiniite ; and no 
motion was perceptibh) in any part of the auricles. 

One hour and twenty minutes after tlie tliorax had been 
opened, and about an hour and ten minutes after artificial 
respiration had been discontinued, the vcntricl(3 was stSf pul- 
sating. Its rhythm was very irregular. After one beat a* pause 
of half a minute followed, and then 37 pulsations all together. 
One bout and forty minutes after opening the thorax tlie inferior 
vena cava was noticed to be pulsating close to its entrance into 
the auricle. A contraction spread like a wave from the vena 
cava over the right auricle, and the appendix contracted after 
tlic auricle itself. The superior vena cava also pulsated close to 
tlic neart. The left auricle had cefised to pulsate a considerable 
time previously, and the ventricles had also stopped. After the 
auricles had pulsated for a while tlie ventricles again began. 
At one hour and fifty minutes after opening the thorax the 
inferior vena cava was still pulsating. I n ten minutes more all 
movement had nearly ceased, and the observation was discon- 
tinued. 

At one hour and fifty minutes after opening the thorax slight 
contractions of the diaphragm were noticed. 

The striking points in this experiment are the contractions of 
the pulmonary veins and the vena cava independently of the 
heart, the long time during which they retained their irrita- 
bility, and the continuance of their pulsations after the other 
parts of the heart had ceased. The pulsation of the pulmonary 
veins and of the ventricles at the same time, while the auricles 
were motionless, is also deserving of attention. 

In another experiment we found the pulmonary veins pulsat- 
ing in a cat killed by a blow on the head. We have also seen 
pulsation in animals killed in other ways ; but the proportion of 

2 m 
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cases in, which we have seen it to those in which we have not 
seen it is very sin-ill. On looking through several modeni text-. , 
books of physiology, we have failed to find any mention of thb , 
rhythmical contractile power of the pulmonary veins an& vena 
cAva; but 'che earlier anatomists were well acquainted wdth it, 
and Haller* states that he has seen tlie pulmonary veins con- 
tinue to pulsate for two hours, and that others had seen the 
vena cava pulsate for three hours while all motion in tlie other 
cavities of the heart had already ceased. Johannes Mullerf 
has also observed contractions of the vena cava and pulmonary 
♦reins ; .and in young animals the contractions of the pulmonary 
vein^rf^itend as far as they can be followed into the lungs. 

The ^importance of contraction of the vena cava and pul- 
monary veins in preventing reflux of blood into tliera during the 
coidraction of the auricle, under circumstances when any 
hindrance is opposed to the free flow of its contents iSto the 
ventricle, is self-evident. Indeed Hallert says that it was sup- 
posed to exist by Senac, although lie had not seen it. Especially 
in cases of valvular disease of the heart is it likely to be of 
great service ; and we think it advisable to bring again before 
the notice of physiologists and physicians this power of the 
veins, which, althougli so long known, appears of late years to 
have been oveilooked. 

* Elementa 1757, tom. i, pp. 410 and 3a0 ; and Memolres sur la 

'K^alvre sensible et irritable des parties du corps animal, 1750, loin, iv, p. 1. 

+ MiilJer’a Iranplutcd Balv, 2iul ed., toI. 1, p. 182. 

; ct^.,p. 410. 



ON, THE SCIENCE OF EASY CHAIRS. , 

(Reprinted fram Nature^ October 17, 1878.) 

There is a reason for ever^’tliing, if we can only find it out, but 
it is sometimes very hard to discover the reasons of even the 
very simplest things. Every one who has travelled mucli, and 
even those who have merely looked through books of travels, 
must have been struck by the variety of attitudes assumr^l bj* 
the people of different countries. The Hindoo sits dow^i on the 
ground with his knees diawn up close to his body, so that his 
chin will almost rest upon them ; the Turk squats down cross* 
legge^ the European sits on a chair; while the American 
often raises his legs to a level with his liead. Nor are the pos- 
tures assumed by the same people under varying circumstances 
less diverse. Climate or season, for example, will cause con- 
siderable alteration in tlie posture assumed, as was well shown 
hy Alma Taderna, in las pictures of the four seasons exhibited 
in the Academy a year ago. In his rej)reseutation of Summer 
he i^ainted a woman leaning backwards on a ledge, with one leg 
loosely hanging down, while the other was drawn up so 
that the foot was on a level with the body. In the x^icture 
of Winter, on the other liaiid, we saw a figure with the legs 
drawn up in front of the belly. The reason for these different 
X>ostures has been explained by Eoseiithal, The temperature of 
the body, as is well known, is kei)t uji and regulated by the 
circulation of the blood through it, and a great proportion of 
the blood contained in the whole body circulates in the vessels 
of the intestines. Now the intestines are only separated from 
the external air by the thin abdominal walls, and therefore any 
change of temperature in the atmosi^here will readily act upon 
them unless they bo guarded by some additional protection. 
The Hindoos are well aware of this, and they habitually i^rotecb 
the belly by means of a thick shawl or camarband, thus 
guarding themselves against any sudden change of temperature. 
This precaution is also frequently adopted by Europeans resi- 

2 u 2 
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dent in hot climates, and is oven retained by them after retuvni* 
ing to England. ‘ But the function of the camarband may, 
to a certain extent, be fulfilled by cllange of posture ^ilone. 
Wlien the legs are drawn \ip, as in the picture of Winter 
aljfeady refen’ed to, the thighs partially cover the abdomen, and 
taking the place of additional clothing, aid the abdominal walls 
in protecting the intestines and the blood they contain from the 
cooling influence of the external air. 

Thus it is that in cold weather, when the quantity of covering 
in bed is insufficient, persons natxirally draw up their leg? 
tWai^s the abdomen, so as to retain as much heat as possible 
before gi^ug to sleep. In hot weather, on the contrai'y, the3' 
wish to dxpose the abdomen as much as possible to the ctx)ling 
influence of the atmosphere. Tbe posture depicted by Alma 
Tadema is the most efficient for this purpose. It no ^oubt 
answers the purpose to lie down flat on one’s back, but in this 
position the abdominal w'alls are more or less tight, whereas, 
when one of the legs is drawn up as in the painting just alluded 
to, the walls are relaxed, and the intestines not being subject to 
any pressure, the bldbd in them will circulate more lapidlj', and 
the cooling process be carried on more effectually. In this 
attitude also the thighs are completely separated, and loss of 
heat allowed from their whole surface. 

Varying conditions of fatigue also alter the postures which 
people assume. When slightlj'^ tired one is content to sit down 
in an ordinary chair in tlie position of the letter |SJ with the 
middle limb horizontal. As we get more and more fatigued we 
usually assume positions in which the limbs of the become 
more and more oblique, the trunk leaning backwards and the 
legs extending forwards. If we lie down in bed on our back 
the legs will probably become straight, but if we rest upon our 
side they will be more or less bent. The straightness of the 
logs in the supine position is simply due to their weight, which 
is then supported at every point by the bed, but when we lie on 
our sides the genuflexion of the legs is most agreeable, beOause 
not only are the muscles Jiiore perfectly relaxed, but, as the late 
Professor Goodsir pointed out, the bones which form the khee- 
; joiilt are slightly removed one from another, And thus the joint 
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itself, fts well as the muscles, passes into a state of rest. Some 
of the bamboo easy chairs manufactured i® India allow us to 
obtaiii the advantoges of both positions. These cliairs are made 
in thf formof a somewliat irregular straggling W, and in them 
one can Re on one’s back with every part of tlie bo(^' tlioroughly 
supported, and tlie knees bent in the same way us they would 
bo if one lay upon one’s side. 

Thu^ simple inaction, the rola.vation of muscles, and the 
laxity of joiut.s, are some of the factors necessary for complete 
rest, and an easy chair, to bo perfect, must secure them all. 

But it is possilde for an esisy chair to secure all these and x#t 
be imperfect. Wo have just said that usually, as tjje iStigue 
becomes greater and greater, the tendency is to asiume the 
positjou of the with the limbs at a more or less obtuse 
angle, but when sitting in an ordinary chair we find relief from 
raisiflg the feet by means a foot-stool, although this tends to 
make the angles of the N more acute instead of more obtuse. 
Still more relief,diowcver, do wo obtain when the legs are raiseit 
up on a level with the body by being placed upon another- 
chair, or by being rested on the Indian bamboo seat already 
described. If, in addition to this, the legs are gently sham- 
pooed upwards, the seusatioti is perfectly deliglitful, aud the- 
feelings of fatigue are greatly le.sscnod. To uuderstaud how 
this can be, it is necessary for ns to liave some idea as to the 
cause of fatigue. Any muscular exertion can ho performed for 
a considerable time by a man in average health, without the- 
least feeling of fatigue, hut by and by the muscles become 
weary, and do not respond to the will of their owner so rapidly 
as before ; and if the e.xertion bo too great, or be continued for 
too long a time, they will ultimately entirely refuse to perform 
their functions. The muscle, like a steam-engine, derives the 
energy which it expends iti inechanic<al woik from the comhus- 
tiou going on within it, and this coinhustioii, in both cases, 
would come to a standstill if its waste products or aslics wore 
not removed. It is these waste products of the muscle which, 
aocumula ting within it, cause fatigue, and ultimately paralyse 
it. This has l)cen very neatly shown by Kvoucckcr, who caused 

frog’s muscle, separated from the body, to contract until it 
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entirely ceased to respond to a stimulus. He then washed out 
the waste products from it by means of a little salt and water, 
and found that its contractile power again returned, just as the 
power of the steam-engine would he increased by rakiflg the 
ashes whichewere blocking up the furnace and putting out the 
fire. These waste products are partly removed from the muscles 
by the blood which flows through them, and are carried by 
the veins into the general circulation. There they^undergo 
more complete combustion, and tend to keep up the tempera- 
ture of the body. At the same time, however’, according to 
l^’reyer, they lessen the activity of the nervous system, pro- 
ducing a tendency to sleep, and in this way he would, at least 
to some«extent, explain the agreeable drowsiness which comes 
on after muscular exertion. It would seem, liowever, that the 
circulation of the blood is insufficient to remove all the waste 
products from the muscles, for we find that they are suj^lied 
with a special apparatus for this purpose. Kach muscle is 
generally ensheatned in a thin membrane, or fascia, and besides 
these we have thicker fascite ensheathing whole limbs. These 
fasciaj act as a pumping apparatus, by which the pi’oducts of 
waste may be removed from the muscles which they invest. 
They consist of two layers, with spaces between. When the 
muscle is at rest these layers separate, and the spaces become 
filled with fluid derived from the muscle, and wlicu the muscle 
contracts it presses the two layers of its investing sheath 
together, and drives out the fluid contained between them. 
This passes onwards into the lymphatics, where a series of 
valves prevent its return, and allow it only to move onwards, 
‘till at last it is emptied into the general circulation, 

In strong and healthy people the veins and lymphatics 
together are quite able to take up all the fluid which the 
arteries have supplied to tho muscles, and thus prevent any 
accumulation from taking place either iii them or in the cellular 
tissue adjoining them, or at least prevent any such accumula- 
tion as might become evident to the eye. In delicate, weakly 
persons, -or in those who suffer from certain diseases of the 
vawular system, this is not the case ; and after siding or 
’Walking for. a long time the legs become swollen, So that the 
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bopte feel tight, and sometimes even a distinct impre&sion may 
be remarked at that part of the ankle which was uncovered by 
the boot. In such persons we can actually see the swelling 
disappear after the feet have been kept rested for some time on 
a level wth the body, and it may bo removed more ^quickly still 
by gently and steadily rubbing the limbs in one direction from 
below upwards. It is almost certain that what we thus see in 
weakly^ersons occurs to a slighter extent in all, and that even 
in the most healthy pemon after a long walk a slight accumula- 
tion of fluid, laden with the products of muscular waste, occurs 
both in the muscles themselves, and in the cellular tis.sue around 
them, even although we cannot detect it by simple inspe^tidi?. 
So long as the limbs of such a person hang down, tilt force of 
gravity retards the return both of blood through the veins and 
of lymph through the fascite and lymphatics, and thus hindei’s 
the muscles from getting rid of those waste products which 
caused the fatigue. When the legs are raised, this hindi-ance 
is at once removed, both blood ami lynipli return more re.adily 
from the muscles, carrying with them those substances which 
liad been formed by the muscles of the limbs during the exer- 
tions vvliich they had undergone when carrying the body about. 
So long as these substances reiuained where they had been 
formed, they might cause in the muscles of the legs an undue 
amount of fatigue, although when distributed over the body 
generally, they may produce only a pleasing languor. When 
the legs are long, the obstruction to the return of blood and 
lymph is of course greater than when they are short, and this 
return will take place more readily when the legs are raised 
above the body than wlien they are only on a level with it. 
This may be one of the reasons why some of our long-legged 
American Cousins are so fond cf raising their feet to a level 
with their heads, or even higher, although it is very probable 
that there are reasons still more powerful, which we may discuss 
at a future time. 

It has already been mentioned that the lymph is propelled 
along the interstices of thefasciie into the lymphatic vessels by 
the intermittent pressure which the muscle exerts ripen them 
from within, and it scenis naliu’al to suppose that the flow 
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rtiay also be aided by a pressure from without, iu the form of 
shampooing. Even when the hand is rubbed backwards and ' 
forwards upon fhe leg it will relieve fatigue, but the relief i.s 
greater when the leg is firmly grasped and tire huniteiuoved 
gently, llp^Yfl^d8 so as to drive onwards as much os possible any 
fluid which may have accumulated in the limb, and the grasp 
being then relaxed, the same process should he reixmted. 

But while the lymph is thus most readily removgd by the 
pumping action of intermittent pressure cither of the haml 
wdthout or of the muscles alternately contracting and relaxing 
within, it seems to us probable that this pi'ocess may also be aided 
%y iteady, constant pressure from without. No doubt it is iin- 
possibldf for such a steady pressure to take the place of the regular 
pumping action produced by the alternate contraction and 
relaxation of the muscles wlieii in action, yet it will have a some- 
what similar action, though to a very much less extent. «For at 
each heat of tlie heart, as Mosso shows, tlio entire limb is dis- 
tended by the blood driven into the vessels, and dtiving the pauses 
between the beats it again becomes srnallei'. Efich pulse, there- 
fore, by distending tlie whole limb and each individual muscle, 
will press out a little of tlie fluid contained in the fascia; in 
the same way as the contractions of the muscles themselves, 
and it seems to us probable that it is the aid which is aflbrded 
to this process by the gentle pres.sure exerted on the outside of 
the legs by a seat which supports them along their whole 
extent, that renders such a seat so peculiarly restful and agrex;- 
able. For an ea.sy chair to be perfect, therefore, it ought not 
only to provide for complete relaxation of the muscles, for 
flexion and consequent laxity of the joints, hut also for the easy 
return of blood and lymph not merely by the posture of the 
limbs themselves, but by equable support and pressure against 
as great a surface of the limbs as possible. 

Such are the tlieoretical demands, and it is interesting to 
notice how they are all fulfilled by the afore-mentioned chair in 
the shape of a straggling W, which the languor consequent upon 
: a relaxing climate has taught the natives of India to miakc, and 
which is known all over the world. 



ON A- SIMPLE INSTRUMENT FOR .EXAMUST- 
ING THE COMPETENCY OF THE TRI- 
CUSPID AND MITRAL YALVES. 

(Reprinted from SL BaHholometo'ft lloftpUal jRt>portx, voJ. xir, 187S.) 

It lias often seemed to me tliac tlie x>i'eserit metlioJ of examining 
tlie tricuspid and mitral valves of the lieart in a post-njjirt^u 
examination is not so satisfactory as that which we »se for the- 
aortic and pulinonaiy valves. In exanjining the laitef, we pour 
water into the aorta and pulmonary artery, and actually see- 
wlie^ier the valves are conipelent or not ; but in tlie case of the 
tricuspid and miti'al valves we determined their competency 
either by simple inspection, or at most by pouring a little water 
into tlie ventricular cavities, and observing tlie appearance of the 
valves as they float ujiwanls upon it. It has occurred to me 
that a simple instrument, such as has l)eoa used for experiments 
on the cardiac sounds, might be useful for ascertaining the com- 
petency of these valves under such conditions of pressure as 
tliey are subjected to during life. Such an instrument may bo 
very readily made from the nozzle (A) ol' an ordinary india-rubber 
enema syringe. This consi.sts of an ivory tube, about 2^ inches 
long, with a horizontal shield about half an incli from one end.. 
Tlie longer end of the nozzle is imshed through theauriculo- 
ventricular orifice, and onwards through tlui ventricle (B), until it 
projects oil the outside of the ventricular wall close to the apex. 
It is then pulled through, and a thick india-rubber ring (C) is 
piislied over it, so tliat the wall of the ventricle is compressed 
between the ring outside and tlie ivory shield of the nozzle inside. 
The nozzle is then connected by apiece of india-rubber tubing 
either with a tap or with an enema syringe. If water be now made- 
to pass into the ventricle through the nozzle, the valves (D) Hoat 
upwards, and becoine firmly oppo.sed. The aorta and pul- 
niouary artery are now firmly held with the finger and thumbs 
so as to jirevent the w'ater from flowing out at the ventricle 
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through them, and the pressure inside the ventricle may be raised 
to any ne*cessary degree. If the heart he healthy, no water will 
escape until the pressure becomes excessive, and then a small jet 
may be seen to issue from between the valves. By conitecting 
the tube leading from the water supply to the heart with a 
raerturial manometer, the pressure at which the valves become 
incbnipetent may be at once ascertained. The ventricle may be 

Fig. 1C3.« ' 



then cut open, the nozzle removed, and the valves inspected in 
the usual way. I do not claim the idea as an entirely new one. 
The instrument has d()ul)tles3 been used in various forms many 
times before, but the form in which I employ it is exceedingly 
cheap ; and the time required for its application is very short, 
a couple of minutes sufficing to ascertain the competency of 
both valves, and it does not in the least injure the heart if it 
be wished to preserve it as a specimen afterwards. It may 
therefore, I think, be more widely employed than any other 
instrument of the sort, ^ind may thus lead to the discovery of 
very interesting results. 

• This figure Was not in tilie original paper. 


Olf P.ULSATION# IN THE JUGULAR AND^ 
OTHER VEINS. * ‘ 

^(From tho Medical Press and Circular ^ Ju];jr 2n(l, 3879.) 

Pulsation in the jugular veins is usually regarded as a sign of 
tricuspid regurgitation, and therefore of grave import. When 
I thus speak of pulsation in these veins, I of course exclude 
the apparent pulsation produced by the motion communii!ated 
to them by the pulsation of the carotids, and refer onfy to pul- 
satile movements in the veins themselves. Several writers 
liave noticed that pulsations in the jugular veins may occur 
without any cardiac lesion. Some liave attributed these to con- 
traction of the light auricle, while others have supposed them 
to be caused by the aorta pressing the blood out of the intra- 
thoracic veins into the jugulars during its distension by the 
cardiac 8y*stole. Some observations which I have made upon 
jugular pulsation haA^e shown me that it is sometimes due to 
the distension of the aorta acting in a somewhat different way 
from that described by Friedrich. I cannot believe that the 
phenomena I have oliserved have previously been unnoticed, 
and I feel quite sure that they must have been already 
described by older authors, although I have been unable to 
find an account of them in more recent works. These 
phenomena consist in apparent pulsation in the left jugular 
alone, while it is absent from the right. In the first case of 
this sort which I saw, the apparent pulsation was very marked 
in the left jugular. On comparing it with the right, I noticed 
that it also appeared to be much fuller ; and when I compressed 
it just above the clavicle, in order to ascertain Avhether 1 could 
thus stop the pulsation, it filled up very rapidly, and became 
much distended. This showed that the peripheral vessels by 
which it was supplied were mucli dilated, and that blood was 
flowing very rapidly into it. On compressing the right Jugular 

♦ This should rather be termed pseudo-pulsation. 
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in a similar manner, it also became very much distended. On 
relaxing’tho pressure, it quickly emptied, and when I alternately 
increased and iliminishod the pressure, the alternate filling and 
emptying produced an appearance of pulsation. ]f<^t was 
cpmpressedi with the finger simultaneously with each beat of 
the pulse, an exact imitation of the pulsation observed in the 
left jugular was pu’oduced. It therefore appeared to me that 
the pulsation in the left jugular was simply due to«alternate 
compression and relaxation of the innominate v6in by the aorta 
during its dilatation and contraction at each beat of the heart, 
^inco my attention has l)ceu attracted to this unilateral jugular 
pulsation, I have observeil several cases of it. These have all 
been f<imales, and all have been more or less antemic. The 
following cases may serve as examples : — 

liosana R, a;t. 22, cartridge maker, in following her occupa- 
tion, stands in a close room. Alwut twelve months she 
began to got very pale. Slie liad no fright, but during the 
course of the last year she has bad much worry. The patient is 
markedly chlorotic ; menstruation is regular, but scanty ; the 
bowels are constipated ; tongue clean ; appetiti rather poor. 
There is an anicraic murmur over the pulmonary cartilage ; 
cardiac sounds are otherwise liealthy. There is apjiarent pul- 
sation in the left jugular vein, none in the right. When either 
jugular is corapresseil, it fills very rapidly. On compressing 
the right jugular wdth the finger at each beat of the pulse, 
apparent pulsation is produced in it. On first Ijcgiiming to 
auscultate, the ])ulsation in the left jugular was very distinct. 
The heart’s action was somewhat excited. As the agitation 
of the patient subsided, the pulsation in the left jugular 
diminished, and finally disappeared. It did not return when 
the patient walked across the room, but she could only lie 
induced to do so slowly. 

Elizabeth G., mt. 19, is also very pale. For nearly nine months 
she has had a slight cough, and has been losing flesh. Her appetite 
is very poor ; the bowels are regular ; she has not menstruated 
for the last ■ three months. Percussion sounds are normal. 
There is a slight click at the end of inspiration over tlio riglib 
infraclavicnlar ixigion. The breath sounds are otherwise 
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normal. There is a systolic brnit over the pulmonary carti- 
lage ; the heart’s soiuuls are otherwise normal. Pufse, 150, 
when the patient is .standing. The left jugular vein pulsates 
visibly^but only during expiration. During inspiration the 
vein empties completely. There is no pulsation irt the rigljt 
jugular, and that in the left is stopf^d by pre.ssure above the 
clavicle. It may be imitated in the right jugular by pressure 
with theUngeri j There is no distinct venous hum. 

Margaret II. came to the hospital comj)laining of weakness 
and nervousness. Whih! in attojidance, she began to sufl'er 
from vomiting, and, a week or ten days after the vomitirig c otpj» 
menced, she spat a little blood. Her nose also bled fr^uently 
about seven in the evening. There was no abnoi’inal pulmonai'y, 
or cardiac sound. On one occasion, a curious persistent con- 
traction of the jugular vein was noticed at tliei)lace where her 
collar Sad pressed upon it.* 

In the case of Kosana 11., the pressure exerted by the aorta 
on the left innominate vein was insutticient to produce the pul- 
sation when the circulation was quiet, but it did so when it was 
excited by emotion. In tliat of Elizabeth G., it was insuffieient 
to produce it when the thora.x was dilated and the sternum 
raised by inspiration, but did so when the thorax had collapsed 
and the sternum had fallen dining expiration. In all of them 
the peripheral vessels were dilated, so that the vein Klled very 
rapidly during compression, and hut for this no ap])earance of 
pulsation would have been produced. These few observations 
may serve to direct attention to a cause of jugular pulsation 
which, so far as I can find, is not generally recognised. 

There is another venous pulsation which is also omitted from 
modern text-books, although it is to be found in the older 
writers. This, hoivover, is not a simulated, but a real, pulsa- 
tion, occurring in the pulmonary veins, and in the vena cava. 
Some time ago, Sir Joseph Fayrer and I foundf that occasionally 
the pulmonary veins and the vena cava in rabbits might he 
seen to pulsate rhythmically for a considerable time after the 
auricles and ventricles had become perfectly still. In one 

# 0011 ^^ 80*6 owIm ** Local conirftction of nrfecyies,** p. 178. 
t^.p.523. 
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aniiflal, all the cavities of the heart continued to beat for a 
considerable time after the tiiorax had l«en opened. The 
ventricles then stopped, hut the auricles continued to ^Isate, 
as well as the pulmonary veins. The veins and auricles both 
pulsated at the rate of 119 jier minute, bat the contractions 
were not synchronous. The auricles then ceased to beat, but 
pulsation continued in the pulmonary veins, and the ventricles 
again commenced, although the auricles remained ^rfectly 
quiet. The pulsation of the ventricles was at the rate of 8 jter 
minute ; while in the pulmonary veins it was at the rate of 
46 per minute. Both the superior and inferior vena cava in 
the same^nnimal wore found to l)e pulsating an hour and forty 
miimtes%fter the thorax had been opened. From the inferior 
cava contraction spread like a W'ave over the right auricle, the 
ventricle being quiet. But after the auricle had contacted 
two or three times, the ventricle again commenced to pulsate. 
Tlicse rhythmical contractions of the pulmonary veins, and of 
the vena cava, occur in animals killed in various ways. Sir 
Joseph Kayrer and I observed them in animals killed by a blow 
on the head, by the action of cobra poison, and by the com- 
bined use of chloroform, atropia, and physostignia. They do 
not occur frequently, and the conditions imder which they take 
place are at present unknown, and we are unable to say 
whether they occur in man at all. But it has been showni by 
observations on decapitated ci-iminals that the inferior vena 
cava, as well as the hepatic, portal, and several of the sub- 
pleural pulmonary veins, besides otliei-s, are strongly contractile. 
It seem.s, therefore, not improbable that such contractions may 
occasionally occur in the human subject. In one case, os I 
have ah-eady said, Sir Joseph Fayrer and I noticed that the 
contrskction of the pulmonary veins was not synchronous with 
that of the auricles. The ventricles, at this particular time, 
were not pulsating, but, had they been doing so, their contrac- 
tions must needs have been synchronous with those of the 
pulmonary veins. Supposing that in a case of mitral regurgita- 
tion a similar rhythmical contraction should bccur in the 
pulmonary veins, a most pow^erful obstacle would be opposed trt 
the backward flow of the blood, and the force of the currehti 
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driven by the powerful left ventricle into the lungs, ^would Ijo 
broken, and the injurious effects it would otWrwise produce be 
greatly diminished, A similar action may be exerted by tlie 
vena fava in cases of tricuspid regurgitation. 

We lidve already noticed the pereistent contrftctiou whteh 
occurred in the left jugular vein in Margaret B., at the point 
whore it had been compressed by the collar. This constriction 
is an indication of one of the pioperties pos.sessed by veins 
vvhich is little regarded in considering the mechanism of the 
circulation — viz., that of contractility. This property they 
possess to a very groat extent, and it is especially remurk^iin 
the smaller veins. In these, the walls sometimes ^approach 
each other so closely as to completely obstruct thtf lumen, 
and altogether prevent the flow of blooil tlu'ough the vein. In 
them, too, rhythinica.! pulsations may frequeutly be noticed. 
The nni>ortauce of veuoun contractility m reference to the 
maintenance of the circulation in health and in disease is very 
great. It is obvious that, if venous radicals contract, they may 
oppose a resistance to the flow of blood in tlie capillaries, and 
by thus increasing the pressure witliin them may cause more 
fluid to exude from them into the tissues ; while, on the other 
hand, a rhythmical contraction may forward the onward j)io- 
gress of the blood in the normal condition, and may prevent 
some of the injurious effects which are usually noticed in 
tricuspid regurgitation. Everyone who has studied cases of 
chronic bronchitis must have been struck with the variety of 
forms in which the obstruction to the circulation manifest 
itself in them. In one we find considerable oedema, hut no 
albuminuria; in another, great dyspnoea, with signs of pul- 
monary otdema, althougli the legs may be very slightly, or not 
at all, swollen. In the same case you may see tlie legs begin to 
swell, and the pulmonary oedema and dyspncca at the same time 
diminish. Such aii occurrence I have observed in a patient 
suffering from chronic bronchitis, and who was apparently at 
death’s door from an acute exacerbation of the disease. This 
patient was obliged to sit upright in bed, gasping for breath ; 
the li|)s were purple, and all over the lungs there was loud 
sibilus. and rhouchus, with occasionally coarse mucous rujes 
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and fine crepitation at the bases of hotlx lungs posteriorly, 
Notwithstanding the interference with the circulation, there 
was but very slight OKieina of the legs. After the administra- 
tion of an emetic, followed by ipecacuanha and squil?^ the 
patient was gx-eatly relieved, but the oedema of the legs iVicreased 
temporarily. The increase did not, however, last long, and 
the patient, from the moment of the adiniiiistratiou of the 
emetic, steadily recovered. ^ 

The action of drugs upon the veins has hitherto received very 
little attention, and therefore we are unable at present to bring 
tog<?^ther pharmacological experiment and clinical observation so 
as to give ps any efficient aid in treatment. But it is probable 
that befoj*e very long we may have some definite knowledge of 
the action of drugs on the veins, which may help us in many 
cases wdiere now we are sadly at a loss in the treatment of 
those diseases in which venous engorgemeni; piays a prornment 
park 



ON 5fHE PATHOLOGY OF NIGHT-SWEATING 
IN PHTHISIS. AND THE MODE OF. ACTIOJI 
OF STRYCHNIA AND OTHER REMEDIES 
IN IT. 

(Reprinted from Si, Sari7iolomeio\9 Hospital Reports , vol. xr, p. 119.) 

After the night-sweats ivlueh occur in phthisis the patients are 
very exhausted, and not unfrequeiiily feel a certain soreness q| 
the limbs similar to that which occurs in healthy persons dfter 
great exertion. The exhaustion produced by the sweating is 
sometimes attril)utod to the actual loss of ruaterial from the 
body in tlio perspiration, but this can liardly be tlie case, as the 
amouift of nutritive matter contained in the sweat is very small, 
and we notice that the perspiration which occurs in healthy 
persons after exertion does not cause any feeling of weakness. 
It occurred to me, therefore, that instead of the sweating being 
the cause of the exhaustion in phthisis, the exliaiistion and the 
sweat were both consequences of one couunoii cause. In order 
to discover what this cause may be, it may bo well to iiroceed 
to track, as it were, tlie process of sweating backwards, until \Ye 
find some condition that may account both for it and for tlie 
weakness. Now, the production of sweat is due to the functional 
activity of the secreting cells in the sweat glanrls, which remove 
from the "blood a quantity of water and salts, and pour it out 
upon the surface of the skin. For the functiounl activity of 
these cells two things are requisite : the one is a supply of blood 
to them which will provide them with the tluid necessary to 
form the sweat ; the second is the nervous stimulus imparted to 
tlieiii by the secreting nerves, which excites them to functional 
activity. It is only recently that the iinportfuioc of these nerves 
as a factor in the secretion of sweat has been fully recognised, 
although various circumstances seemed to point to the fact that 
sweat was not dependent merely iq^on a full supply of blood 
to the sweat glands. In the perspiration which follow's active 
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Physical iexercise, we no doubt find tlmfe ^e skin is suffused with 
blood, and the sweat glands are therefore richly supplied with 
it. But in fever we hot unfrequently find that the skin is even 
more suffused with blood, as is shown by its redness, so that the 
glands may have an abundant supply, and yet, notvvithstffiading 
this, the skin, instead of being covered with sweat, is-perfectly 
dry. This shows, then, that a free supply of blood alone is 
insufficient to induce perspiration. On tbo other hand, we find 
that perspiration may occur freely when the supply of 4)lood is 
exceedingly scanty. In persons stricken with sudden fear, or 
in those at the point of death, we find that the skin is pallid or 
liyid, the surface cold, indicating that the supply of blood to it 
is very scanty, and yet at this very moment it may bo bedewed 
with hoawy drops of perspiration. This fact shows that perspira- 
tion -may occur with a scanty supply of blood. The facts arc 
exactly analogous to what we find in the secretion of saliva 
by the subina-xillary gland. In this gland, inilatioh.%f the 
chorda tympani nerve causes dilatation of the vessels of the 
gland, a copious sup[)ly of blood to it and a free secretion of 
sfdiva. Irritation of the sympathetic nerve also causes secre- 
tion of saliva, but instead of the vessels being widely dilated and 
the circulation in the gland rapid and free, the vessels are con- 
tacted and the circulation is very slow. We find, also, that 
there is a similarity between the secretion of saliva and the 
secretion of sweat, not only in the nervous conditions under which 
they may occur, but in tlie way in which they are affected by 
yai-ious drugs. The effect of atropirie, for example, upon the 
aubmaxillary gland is to paralyse the ends of the ■ secreting 
nerves in the glandular structure, and the consequence of this 
isj that when the chorda tympani is irritated after the adminis- 
tration of a dose of atropia, the vessels of the gland dilate as 
usual, blood flows freely through it, but, the secreting nerves 
Jiaving been paralysed, tlie secreting cells take up nothing from 
the blood, and not a drop of saliva flows from the duct When, 
on the contrary, calabar bean is adrcinisteredj the effect is 
strikingly, different, for its action is not to paralyse, hut to 
stimulate the secreting nerves. In consequence of this»! ^0 
j^eroting cells begin actively to take fluid from the blood and to 
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pour it out tiu‘ou"]i the huct of the ghind in the form of saliva. 
But this process does not last long, for the bean has '\i second 
action. Its stimulating power is not confined to the secreting 
nervesfof the gland, but extends also to the vaso-motor nerves 
which regiuhite the calibre of tiie blood-vessels whicji supply ^t. 
These vaso-motor nerves, being stimulated by the drug, cause 
the vessels to contract to such an extent as to cut off the supply 
of blooc^froin the glands almost entirely. The secreting cells 
are thus deprived of the material from whicii the saliva ought 
to be formed, and tlius, notwithstanding the fiuictional activity 
wliich they are exerting under the stimulus of the secretii^ 
nerves, the forniation of saliva very shortly comes to an *eM. 
In persons who are poisoned with belladonna it fig,s been 
observed tliat the vessels of the skin were much dilated, so that 
the skin itself was covered with a scarlet flush, notwithstjmding 
whicli •the surface was dry. This dryness was not confined to 
tlie skill, but extended to the mouth, and it was caused both in 
the mouth and on the skin by tlie paralysis of the secreting 
nerves of the salivary and sweat glands produced by the drug. 
Cahibar bean, on the contrary, causes a certain amount of sali- 
vation and cold sweats ; and other drugs, such as pilocarpine, 
which does not, like calabar bean, limit its own action upon the 
sccivtiiig cells of the salivary glands by lessening their blood 
supply, causes very profuse salivaiion as well as profuse sweat- 
ing, Now the action of pilocarpine is exerted upon the termina- 
tions of the secreting nerves in the salivary and sweat glands, 
and does not seem to he dependent upon any action on the 
nerve centres. But although pilocarpine may stimulate the 
sweat glands by acting upon the ends of the secreting nerves 
within them, it is probable that, in ordinary circumstances, the 
secretion is regulated, not by the conditions of the terminal 
filaments of tlie secretory nerves, but by the nerve centres 
acting on the glands through tlioso nerves. Tlie nerve centres: 
for the secretion of sweat lie partly in the spinal cord arid 
partly in the medulla oblongata. In this respect they resemble 
two other important nerve centres, viz., the centre for respira- 
tioja, or Tospiratory centre, and the vaso-motor centre— rth^ 
tei^iratory centre, by wliich the respiratory muscles are innep?^: 

2 N 2 • 



548 THE^ PiStHOlOGY OP NIGIIT-SWEAtiJIG IK PHTIHSIS. 

vat^ and the respiratory movements ^ept up, and the vaso- 
motor cedti’e,fro^ which stimuli constantly proceeding to the 
vessels keep them in a state of chronic contraction. 

Both these centres were formerly supposed to be situSied in 
cho medulla oblongata alone, because when the medulla was 
separated from the cord by a transverse cut at the level of the 
occiput, respiration ceased, and the tonic conti'action of the 
vessels in the l)ody at once ceased, and they became dilated^ 

It was first shown by Schift' however, that if part of , the 
medulla were destroyed, so as to cause the respiratory mo.ve- 
comidetely to cease, the death of the animal, which would 
usually occur under sucli conditions, might be prevented by the 
continuaus use of artificial respiration for many hours. By 
this process time rvas allowed for the remaining portion of the 
medulla to learn, as it were, how to perform tiie function of 
the part which had been destroyeil, as well as its own, ®o tliiit 
after artificial respiration Irad gone on for several hours, the 
animal began to make feeble attempts to breathe, and these 
became stronger and stronger, until at last respiration was again 
established. It was thus shown that when a part of the respira- 
^ly centre in the medulla was destroyed, the remainder might 
become suHiciently powerful to perforin tire fimetioiis of the 
whole; but the experiments of Prokop Eokitanski* have shown 
that, instead of being limited to the medulla oblongata, as was 
formerly supposed, the respiratory centre actually extends for 
some distance down the spinal cord. When the medulla is 
9o;|ipletely separated from the cord by a transverse cub of the 
the occiput, respiratory movements usually cease, and 
recommence. But if stiychiii.'i be injected into the 
bm(*alation immediately after the cord has been divided, the 
jp^^&atory movements again commence. It is evident that 
&ei^v movements in this case do not depend upon the action of 
ihd i&edulla at all, as they did in the experiments of Sehitt', for 
whole of the medulla has been cutoff from anyoomiec- 
with- ^he respiratory muscles, and the respiratory movements 
biusfc ^^erefore depend upon stiinuli proceeding to the respira* 
Pfsacles, not from the medulla oblongata, but from the 
Vide antea^ p. 323. 
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sjpiDal cord. It is clear, then, from these experimeilt^j that the 
fCSpiratory centre is not confined to the medtiUa oblongata, but 
extends to. the spinal cord. Usually, however, the spinal part 
of it too weak to keep up the respiratory movements alonn 
without the aid of the medullary part, aird can only do so wfifen 
it is stimulated to e.xcessive action by means of strychnia. This 
conclusion is also borne out by the fact that when strychnia is 
giv^. t(fian animal before the division of the cord at the occiput, 
the Respiratory movements do not entirely cease at the moment 
of division, as they usually do. And what is true of the respira- 
tory centre holds also for the vaso-motor centre. When -SdlS 
cofd is divided at the occiput, the vessels being no longer under 
the influence of the vaso-motor centre, usually dilate. Ilut here 
also, after the injection of the strychnia, the va.so-motor power 
is restored, and the vessels again contract to a greater or less 
extent. It is evident, then, that the vaso-motor centre, like 
the respiratory, extends a certain distance down the cord, and 
that it also, like the respiratory centre, is stimulated to increased 
action by strychnia. 

Closely associated with those two centres appear to be th% 
sweat centres. It was first observed by Goltz that irritation of s- 
the sciatic nerve would produce sweating in a limb, and it was 
shown by Kendall and Luchsinger that this sweat was indepen- 
dent of any alteration in the va.scular supply, for it occurred in 
animals poisoned with curare, whei’e all the vessels going to the 
limb had been tied ; and it even occurred in an amputated leg 
for a quarter of an hour after its severance from the body. 
nerve centres by which the sweat nerves are usually excited 
localised by Luchsinger in the spinal cord, but Kawrocki, "I 
repeated his experiments, came to the conclusion that the.^iei^ 
centre was situated, not in the spinal cord, but in the me4|ullt - 
oblongata, because he found that division of the spinal csor^jjS 
high up airested the secretion of sweat. The reason of tbig disR'^^jj 
crepancy between the conclusions of Luchsinger and Nawibeki R 
pvobably is that the sweat centre, like the respiratory an4 vaso^' j 
Motor centres, is not confined’ either to the medulla or to 
cord, but extends through both- It is probable that, like 
lespiratory and vaso-motor centres, a great portion of the'lawe^^l 
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centre is gitiHited in tlie jneclulla, and in Nawrocki’s experiments^ 
\yhen the influence of this part was destroyed by section of the 
cord, the i)erspiratioii ceased, just as resjjiration and vascular 
tone are also destroyed under ordinary circiiinstances. It is 
;r;^p^obablo, however, that in Luchsinger’s experiments the spinal 
portion of the vaso-motor centres was sulliciently powerful to 
excite perspiration, even after the separation from the medulla. 
These centres were found by Luclisinger to be excited, and 
perspiration produced by increased temperature of the blood, by 
increased carbonic acid in the blood, and also by nicotine whicli 
W been introduced into the circulation. Increased tempera- 
ture, as «we well know, causes sweating, usually accompanied 
with dfiatation of the vessels of the skin, as when we are 
exjxised to a hot sun or get warm from exertion. Tobacco, 
on the otlier hand, causes sweating with diminished supply of 
blood to the skin, the countenance becoming exceedingly pale 
at the same time that a cold sweat breaks out, as most young 
smokers find out by sad experience. The effect of increased 
carbonic acid in the blood is visible in tlie cold sw^eats which 
bedew the brows of dying persons. I have watched the pio- 
y cess, and have observed that it w'as just as the finger-nails, the 
lobes of the ears, and the lips bcgnii to get livid that the sweat 
drops began to appear on the forehead. It was a consideration 
of this fact which led me to suspecd that tlie sweats of phthisis 
might be due to accumulation of carbonic acid in the blood 
stimulating tlie sweat centres, Kor would it do this only, for 
any imperfect aeration of the blood would lead to imperfect 
oxidation of the products of tissue waste in the body, and their 
consequent accumulation would produce the same soreness and 
lassitude which come on from the accimiiilation through over- 
production by excessive muscular exertion. But it may be 
said, How is it that carbonic acid comes to accumulate in the 
blood in this way? In a healthy person no such accumula- 
tion takes place, because, althougli carbonic acid in the blood 
acts as a stimidiis to the sweat centres, the vaso-motor centres, 
ftmh the respiratory centres, yet the latter are more susceptible 
. "tbaivtbe two former, so that whenever a slight increase of the 
of carbonic acid in the blood occurs the tespiratory 
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centte is stinmlated, the respiratory muscles are tljrown into 
increased action, and the blood being more aieraM, the amount 
of carbonic acid in it is once again reduced to the normal. But 
supjwsing the respiratory centre is weakened in any way so as to 
become Jess sensitive to the stimulus of carbonic* acid in tin,© 
blood than the other two centies, this will no longer he the case, 
and tiien we shall find cold perspirations occur. This is the 
conditfbn which I believe to be present in phthisis. The con- 
stant stimulation of the respiratory centre by the imtation in 
the lungs, and the violent respinxtory efforts which occur in 
coughing, so exhaust the iiritability of this centre, espeovilfy 
during sleep, that it no longer responds in the norrjal manner 
to the stimulus of carbonic iicid in the blood. The Wlood may 
thus become more and more venous, until the carbonic acid in 
it exgites the sweat centres, and possibly also the vaso-motor 
centres, before the respiratory centre begins to respond. 

This, then, I believe to be the pathology of night- sweating in 
phthisis. The respiratory centre becomes exhausted by the 
reflex irritation Irom the lung, so that it no longer responds so 
readily as it ought to the stimulus directly applied to it by car- 
bonic acid in the blood circulating through the mcilulla aml^v, 
through the spinal cord. In consequence of this the blood! 
becomes more or less venous, and to this venosity, and the 
consequent imperfect tissue change, and not, as was formerly 
supposed, to the actual loss of fluid or sweat in the sleep, are 
the nervous and muscular exhaustion and prostration observed 
in night-sweats to be attributed. If this pathology were 
correct, it occurred to me that night-sweating might be pre- 
vented by administering some remedy which would increase the '' 
excitability of the respiratory centre. Now such a remedy exists 
in strychnia, as has been shown by Ilokitanski’s e.xporiment. 

If, then, a dose of stiychnia or nnx vomica were administered 
at bedtime, the excitability of tlie respiratory centre ought to be 
so much stimulated that any excess of carbonic acid would ■ 
excite it to increased action, and thus the accumulation of car-‘ 
bopic acid in the blood would be prevented, and the sweat, which 
I have supposed to be the consequence of such accumulation,, 
would be arrested. 
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Oil proceeding to try it in the wards of St. Bartholomew’s 
Hospital, this expsctatioii was realised, as the following oases 
will show : — 

^ , Case I. 

Mary W. was admitted to Elizalwth "Ward, July 10, 1879. 
Her conlincnieut, four months previously, had been followed 
by septicemia, after which signs of phthisis were deifeloped. 
In tlie middle of August, when both lungs were much diseased, 
she siilfered severely from night-sweats. 

• '4^.n drops of thicture of iiux vomica in a little water were 
given at ^edtiine on the 10th of August, and repeated every 
night for»a fortnight. There were no night-sweats during this 
time. 

On the 24th of August and the next few days the dose was 
omitted. Each niglit the patient complained of sweating. Alter 
this the drug was again given at the same tinie and in the 
same quantity, and as long as it was taken there w'ere no 
night-sweats until a few clays before death, when it seemed to 
lose its effect. 

In this case cough was not very troublesome, and the drug 
aeemed to make no difference to it. 

Case II. 

Lucy R, a patient in Elizabeth Ward (luring August and 
September, 1870, luvd tubercular disease of the lungs and intes- 
tines, and suffered much distress from night-sweats. 

On the 2nd of Septemlxir five drops of the tincture of nux 
vomica were given in a little water at bedtime. 

The patient did not sweat at all that night, but she said 
Ihat her cough, wl)ich was always troublesome, was worse than 
usual. The same dose was repeated for a few nights, with the 
same result — no sweats, but, as the patient thought, increase in 
cough. 

On the 8th of September fifteen drops of laudanum were 
given along with fifteen drops of tincture of nux vomica. After 
the dose there was again no sweating, but the patient com- 
plained of her cough. 
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As long as this dose was given there were no sweats, and the 
cough remained much as it had been before any iiux vomica 
had been given. 

Case III. 

Frances E., set. 44, came to Elizabeth Ward on the 13th of 
August^l 879, siiU'ering from advanced phtliisis. Sweating at 
night had been very severe for some weeks. 

On August 14, fifteen drops of tincture of nux vomica were 
given at niglit. The sweating, however, was quite as bad as 
usual • 

On the IGth the dose was increased to twenty drops. Still 
there was no difference in the sweating. • 

On tlie 18th twenty-five drops were given. That time, for 
the firpt time for weeks, there was no sweating. Tiiis dose was 
repeated every niglit, with the result apparently of stopping the 
sweats. On August 30, however, and following nights, they 
recurred in spite of the drug. 

On the 1st September the dose was increased to thirty drops. 
On this night there was no sweating. This dose was repeated 
every night, hut on the 14th of September the sweating recurred 
and continued without being diminished by the drug, which was 
then discontinued. Some time later the sweating became very 
distressing in the daytime as well as at night, beginning early 
in the afternoon. A subcutaneous injection of extract of bella- 
donna, gr. was then tried, given when the sweating began, 
with the effect of checking it in a few hours. 

Case IV. 

Charles W., set. 23, was a patient in John Ward during 
July, August, and September, 1879, with a large serous effusion 
into the left pleura, displacing the heart, and causing consider- 
able dyspnoea and cough. He complained very much of night- 
sweats, Ten drops of tincture of nux vomica were tried on the 
29th of August. The patient did not sweat that night at all 
The dose was continued every night with the same result, 
but on September 11th the sweating recurred. The dose 
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■was incrfased to twenty drops, and after this there was no 
sweating. 

But it is evident that if strychnia increases the excitghility 
of the respiratory centre to stimuli applied directly jto it, such 
al the carbonic acid present in the blood, it is likely also to in- 
crease its susceptibility to reflex irritation, such as tliat caused 
by tubercle in the lungs, and thus it might be that jt would 
tend to increase the cough in case of phthisis. Tliis, indeed, it 
appears, in some instances, to do. I have tried hero to remedy 
this by a combination of strychnia with opium, and this appears 
|)artially to succeed. "Where, however, strychnia does not appear 
to sjiit, afcropia may an.swer perfectly. Now, atropia, no doubt, 
acts upon peripheral tei ininatioiis ol' the secretory nerves in the 
sweat glands, and thus it will altogether prevent sweating. But 
this is not the whole action of atroiiia. It has been noticed by 
Einger that the beneficial action of atropia continues for a very 
considerable time after its administration. It seems dillicult to 
believe that this is merely due to its action upon the sweat 
nerves, for it is probalrle that the greater jjart of the atropia 
has been excreted from the body before the beneficial action 
which it produced has come to an end. 

It seems not improbable, therefore, that the benefit derived 
from the employment of this drug in the night-sweating of 
phthisis is not dne merely to its action upon the peripheral 
terminations of the sweat nerves, for, as has been shown by Vou 
Bezold, it has a marked action in stimulating the respiratory 
centre. At the same time it lessens the irritability of the sen- 
sory nerves in the lung, and is thus likely to diminish the 
exhaustion of the respiratory eontre, which the reflex irritation 
produced by the tubercle would otherwise occasion. It is to 
this stimulation of the respiratory centre, as much as to the 
paralysing action on tlie respix'atory neives, that I should be 
inclined to attribute tlie benefit to be derived from atropia or 
from hyoscyatuus, which acts almost in the same way as atropia, 
and is so freq^uently given, along with oxide of zinc, in sweating 
of .this sort, in Dover’s powder we have a combination haying 
an action somewhat resembling that of atropia in certain 
respects, though differing from it very markedly in others. I» 
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liealtli, Dover's powder is a powerful sudorific, but it i‘reque-iitly 
arrests, in the most satisfactory manner, aj? Dr. Murrell lias 
shoM^, the night-sweating of plithisis.* 

This fyeeins at first sight extraordinary, and yet it is quite 
natural if the view which I have advanced regarding the patfio- 
logy of night-sweating in phthisis l>e correct. For the opium,, 
by lessening the irritation from cougli, will tend to prevent the- 
exhaustion of the respiratory centre. At the same time ipecacu- 
anha is a powerful stimulant to this centre, and thus we have 
in Dover’s powder two of the actions that wo have already 
observed in atropia, viz., a power of diminisliing irritation frefin 
the lungs, with a power of increasing the activity of llie respira- 
tory centre. Unlike atropia, it does not parah so the peripheral 
terminations of the secretory nerves in the sweat glands. 
Picro4;oxine,also, has been found to be useful in night-sweating. 
It also is a powerful stiumlant to tho respiratory centre 
(Biichheim, Arzneiinittellehre, 3to Aiifl.), and probably it is by 
its stimulating action upon this centre that it arrests sweating. 
But while it is probable that the night-sweats of phtliisis chiedy 
depend upon exhaustion of the respiratory centre, and are to be 
arrested by stimulation of this centre, wc must bear in mind 
that this may not be the only cause of such sweats. They may 
occur through stimulation of the sweating centres by increased 
temperature as well as by increased amount of carbonic acid 
in the circulating blood. In such circuinstaneos quinine will 
probably be the be.st iemedy, as Dr. Muriell has pointed out 
{op, cit). 

One of the great difficulties which wo have to contend with 
in medicine is that of choosing the best drug in each particular 
case. Much may no doubt be done by very long experience,, 
but it is hard, even fo.r an old physician, and almost impossible 
for a young one. The only way in wliich this difficulty can be- 
surmounted is by our obtaining an accurate knowledge of the- 
pathology of disease, and of the mode of action of the remedies 
which we employ. In the night-sw'eats of phthisis atropia is pro- 
bably the most powerful remedy which we possess, and we can 
well see how it should be so, for it combines the power of 
^ Practitioner^ toI. sxiii, p. 105, Soptember, 1870. 
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lessenin^?^ irritability of the sensory nerves in the luiv^, of 
stiinulating tlio respiratory centre, and of paralysing the eiuh 
of the secreting nerves in the sweat glands. But it po^esses 
-other actions which may render its employment iiiadvisahlc. 
lt«niay so iifttucnce tlie salivary glands as to arrest their secre- 
tion, and cause very great discomfort to the patient by the 
<lryness of the month thus occasioned. In such cases we may 
use Dover’s powder, but if this, again, should interfere with 
digestion, we may resort to strychnia or nux vomica. The cases 
in whicli strychnia seems to be specially indicated are those in 
which the cough is not so violent as to be very distressing, and 
where thCcgeneral debility and weakness of tlie circulation and 
digcstioif are prominent sjmiptoms. It not unfreqiiontly has 
lKil)penod, probably owing in some measure to the difliculty of 
obtaining correct statements from hospital patients, who^re so 
readily intluenced by any bias of the idiysician, that a remedy 
has had in the hands of its proposer a success which has not 
been observed by those who have tried it sul)sequently. It may 
be so with stiychnia also as a remedy in night-sweating, but if 
tliis should not be the case, and it proved in the experience of 
others to have the same marked power of arresting the night- 
sweats of plitliisis which it has had in the trials I Ijave made of 
it, it will be interesting as being another remedy whose tliera- 
peutical use has been arrived at by u knowledge of its physio- 
logical action, and of the pathology of disease discovered by 
e.^periments upon animals. 



ON ^ THE EXPLANATION OF STANNIUS’S 
ESfPERIMENT AND ON THE ACiTlON dF 
STRYCHNIA ON THE HEART. 

In conjunction with THKODOJJE CASK, M.D. 

(Reprinted from SL BaHholomew^s Jlusipital llcpoH^, vol. xvi, 18vS0.) 

The remarkable experiment to which Stannius has given Iris 
name consists in applying a ligature around tlie venows sinus of 
tlie fi*og s heart, just at the point where it joins the Muric"les. The 
consecinence of thi.s is, that the auricles mid ventricles at onco 
cease U) beat, juid remain in a stale of quiescence, hLstiug for a 
time varying fro in a few luinutes to lialf an liour or more, while 
the venous sinus still continues to pulsate uninterruptedly. A 
similar result is produced when, insti^ad of applying a ligature 
round the sinus, the sinus itself is sejiarated from the auricles 
hy an incision. If, liowevcr, in.stead of suddenly removing tlie 
whole of the venous sinus from the reinaiiider of the heart, it 
is gradually removed, the instant stoppage of the auricle and 
ventricle docs not take place. If tlie I'cntricle be now separated 
from the auricle, wliile tlie two are remaining in a state of com- 
plete quiescence, the ventricle again commences to pulsate,, 
wliile the auricle rernaius perfectly still. Two explanations of 
tlu?se phenomena have been given. The one is tliat the section 
or ligature of the heart at the junction of l-lie venous sinus and 
the auricles excites the iiiliibitory apparatus in the auricles to 
such an extent as to prevent both them and the ventricle from 
moving. This explanation, however, seems to be disproved by 
the fact that the same result is obtained after the heart lias 
been previously poisoned by atropia, wliioh completely paralyses 
its inhibitory apparatus, and it would therefore appear tliat the 
stilhstand of the heart in this expei*iment cannot be due to 
excitement of tbe inlubitory apparatus. The second explana- 
tion is, that the motor ganglia of the heart are unequally 
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distributed in the ventricle and auricle, the greater iuimher 
being in /he venous sinus and ventricle, and the fewest in the 
a-uricle. 

When the sinus, then, is separated from the remainder gf the 
heart, the motor power in the auricles and vent ricle is insufflcieut 
to’’ make them pulsate, although the ventricular ganglia are 
sufficient, when separated from the auricle, to set the ventricle 
in motion. This explanation is opposed to the fact that if the 
venous sinus be gradually, instead of suddenly, separated from 
the auricle, they will still continue to pulsate. Kotwithstanding 
this ohjcction, however, it seems to us that this explanation, 
a'ithough very probably it does not represent the whole truth, is 
to a considerable extent true, and the cessation of the auricular 
and ventricular movements, after the removal of the venous 
sinus, is really due, in a great measure at least, to want of motor 
power. It occurred to us that if this were so, wo oughts to be 
able, by stimulation of the motor ganglia, to rcinduce the cardiac- 
])uIsation.s after they hod ceased from ligature of the venous 
:sinus. It is v;ell known that if a single galvanic shock be 
applied to tlie ventricle when in this state of diastolic quiescence, 
the ventricle will contract once at each application of tJiO stimu- 
lus, but the single pulsation is not suceccdod hy a succession of 
rhythmical beats. As warmth has a very powerful effect in 
increasing the cardiac activity, it scerned probable that the 
application of wariutli to the heart, when in the condition of 
still-stand tlius described, might so for stimulate its motor 
ganglia as to allow it to resume its rliythrnical pulsations. Wo 
therefore induced complete still-stand in tlie frog’s heart by 
4ipplying the ligature in the usual way. On then warming the 
heart, either by directing upon it a current of air heated by 
passing it through a hot glass tube, or by bringing into its 
neighbourhood a heated copper wire, we found that the rliytli- 
mical pulsations again commenced, and continued for two or 
three minutes after the time that ^varmth was applied. 

The cessation of the movements of the heart, after the 
removal of the venous sinus, seemed to us analogous to the 
ce.ssatioh of respiratory movements and of vaso-motor tone after 
the influence of the medulla oblongata has been removed by 
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■ division of the spinal cord o.t the occiput. It lias been found by 
Prokop Rokitansky tliat xlie movements do not cease completely 
after division of tlie cord, udieu tlic animal luvs been previously 
poisoned by strychnia, ami that both vtuso-inotor reflex and respi- 
ratorjfmoverneTits caiibe reintliiccd in such animals byKStrychnia 
administered after the cord has been dividecb p. oSXk 

It occurred to us that possibly a similar plienomenou might be 
observed in tlie lieart. We therefore administered strychnia to 
a frog, ^nd as soon as the spasm occurred, the animal was 
killed and a ligature placed round the heart. No cessation of 
movement, liowever, was observed. WIicti a frog was first ^ 
killed, however, and still-stand of tlie heart was induced 
application of a ligature, a solution of stryclinia placgd on the 
outside of the lieart did not reinduce rhythmical pulsatioiig, but 
when the solution was injected by a fine pipette into the inte- 
rior of tlie veiitrick.*, riivtliniical pulsations again commenced. 
This rflythm, however, was imleptmdout of that Avhich the 
venous sinus still coutiimed to pursue. After maintaining this 
for some minutes, it again stopiped, and the auricle wn,s seen to 
contract after tlie ventricle. The aorta was mnv cut, and the 
ventricle again contracted, but the auricles remained quiescent. 
On stimulating tlie ventricle, it now went on beating regularly. 

Prom these exi)erinients it would appear that the still-stand 
induced by ligature of the venous sinus has a deficiency of 
motor power in the auricle and ventricle, and that when we 
increase the excitability of the ganglia in these pans by warmth 
or by strychnia, tlie pulsations recommence. The following 
seems to us the best explanation of the phonomeiia observed. 
The motor ganglia of the lieart, we think, are in all probability 
called into action by reflex stimulation. This reflex stimulation 
may originate in impressions conveyer! to them by afferent 
nerves from the internal or external surface of the heart, or by 
impressions conveyed to them by the afferent nerves from the 
other cavities of the heart. We think, also, that although they 
respond to the stimuli conveyed rellexly from the internal or 
external surfaces of that part of the heart in which they are 
contained~as shown, for example, in contraction of the ven- 
tricle on stimulation by a needle or an electrical current— they 
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are, nevertheless, most readily throwi|; into rhythmical action 
by the injpressions conveyed to them from the other cavities. 
In a normal coiuKtion of the heart, the venous sinus is the first 
cavity to contract ; next comes the auricle, and next the ven- 
tricle ; and a stimtilus of contmetion probably proceeds’ from 
ode to the ‘other along a channel furnished by the nervous 
filaments which connect them. "WTien the channel is suddenly 
interrupted, as by ligature or division of the venous sinus, the 
motor stimuli pi-ocecding from the venous sinus to the auricle 
and ventricle can no longer pass to them, and the reflex 
impulses j)rocceding to tlieir ganglia from tlie external and 
jiiternal surfaces of tIi<;so cavities are insufficient to call them 
into actimi. The anricles and ventricles, tlun-efore, remain in a 
state of quiescence for a longer or sliortor period ; this qui- 
escence, howoiver, is not completely permanent. After a wliile 
the ganglia seem to become adapted to tlie new conations. 
Their sensibility, too, increases, and the • stinmli proceeding to 
them from the surface of the heart are sufficient t(^ call them 
into action. When the venous sinus is gradually removed 
from the iiuricles and ventricle, instead of being suddenly 
detached, time is afforded for this adaptation to take place 
before the removal has been completely effected, and thus the 
rhythm is not distuib(?d, as it is when the division is suddenly 
made or the ligature suddenly applied. In these respects the 
cardiac nervous system is analogous to the vaso-motor and 
respiratory systems. The oi’dinary channels through which 
the vaso-motor and respiratory centres and spinal cord arc 
called into action are the fibres which proceed to them from 
the medulla oblongata. If these cliannels are suddenly inter- 
rupted by section of the spinal cord at the occiput, those parts 
of the vaso-motor and respiratory centres contained in the 
spinal cord cease to act. The same is the case when a large 
portion, but not the whole, of the respiratory centre in the 
medulla is destroyed, as by division of one-half of tlie medulla. 
When a large portion of this respiratory centre is thus 
destroyed, the animal at ojice ceases to breathe, and remains in 
this condition for many hours. If left to itself, death would of 
course take place ; but if artificial respiration he maintained 
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fnr a long time, by and W faint respiratory movements occur, 
which very soon cease if the animal l>e le^t to itsfelf. But 
Schiffhas found that if artificial respiration be still kept uj), 
these liiovemeuts become stronger and stronger, until at hmgth 
spontmieotis respiration is siiflicieiitly re-estabhslKJd to save 
life. 

In liokitansky’s experiment, the ordinary channels for the 
passage stimuli from tlm medulla ohlongatii to the respiratory 
and vaso^inotor centres in tlie cord were at once destroyed; 
hut the apjjlication of strychnia hefoie or after the section had d 
so greatly increased tlie aetivify of {,he centres in tlio spinal 
cord that the)^ were able to take up tluiir functions at once, 
instead of after a lapse of li'.va:‘, as in Schilfs f^xj)ei;iji>t*nt. It 
seems to us, llieii, tlial the iunction peiformcd ]»y the. venous 
sinus in regard to tlie- ihythiuical inoveinents of tlu'. frog's heart 
is to a certain extent analogous to the functions of the medulla 
oldongata iu regard to res])iratu)n ami vascular tension, and 
vliat llu‘. action of heat and of slTvclvnia. upon the sv.slems is 
very sijuilar jml!.'(‘d. The very iiiaihi.M! action as a cardiac 
.stimulant Avliich stiyelinia is slaown hy tlu.j exjHuhiient to 
pus.sess, is om? tlic praclical Lmportauce <jf Avliieh it is liardly 
n(x:essiiry to ])niul out. We would nu'reJy remark, tliat in 
ca...se.s of .general debility ajid lack of torn*, cspom’nlly when 
occuD'iiig ill constMpieuce of overwork, there is, jjerliaps, no 
tonic ill the pliarniacojueia to be compared to strychnia; and 
Avidely known tliough its utility may be, it i.s not nearly so 
commonly employed a.s it deserves, es[>ecially at this se.a.si>n of 
the year (duly), wlien b(»th medical men and their jjaticiits are 
suffering Itotu the constHpiencc.s of prolonged ovej*\vurk and 
nieiital strain. Small do.scs of strychnia or mix vomica restore 
l.>otli mental and ])hy.sical power, and give a sense of AAxdl-boing 
in a manner in Avliich, so far as our experience goes, nolhii:g 
else will. 



ON THE ACTIONS AND USE OF CERTAIN 
' REMi:DIES EMPLOYED IN BROlfCHITIS 
AND PHTHISIS.’*' 

• Read before the Aledical Society of Loncloii, DcCejiiber lOthj^SSQ. 

(Reprinted from tlie Lanest^ January 1st, 1881, p. 4.) 

both bronchitis and phthisis tlio first symptoms that attract 
notice are cough and expectmfition, and tlio first remedies that 
claim ojif attention are tlie so-called sedatives and expectorants. 
Cough consists in deep inspiration, closure of the glottis, aiid 
violent expiratory effort, by which the glottis is forci lily opened 
by the compressed air, which carries with it, in its exil^ mucus 
or other matters which may have lodg(Rl in tlie lungs or respi- 
ratory passages. The nervous centre for this act dies in the 
medulla oblongata. It is bilaterrd, and situattMl on eacli side of 
the central raphe. It is excited into action rellexly by irritation 
of the respiratoiy brandies of the vagus distributed to the 
glosso-epiglottideau folds, to the wliole interior of the larynx, 
to the trachea, especially at its bifurcation, and to the bronchi, 
and the substance of the lung itself, a.s well as the pleura when 
it is inflamed. Irritation of the internal auditory meatus at 
the point to which the auricular branch of the vagus is distri- 
buted also causes oougliing, and so also may irritation of the 
liver and of the spleen. As coughing is a rellex act, excitf^d by 
irritation apylied to a sensory nerve, ami reacting tlirough a 
nerve centre upon the respiratory muscles, it is obvious that it 
may be lessened, either by removing the source of irritation or 
by diminishing the excitability of the nervous mechanism 
through which it acts. Both methods are employed in medicine. 
One of the cominoiiest is that of lessening irritation by tlie use 
of glutinous and saccharine substances. These have in them- 
selves little or no action upon the nervous mechanism. They 
do not pass down to the bronchi, or lung substance, so that 
can Imve m upon the mucous membrane theto, nor 



have ihef, so far as we know, any effect upon them after they 
have been absorbed into the blood; and yeifc oiiti of the com- 
monest observations is that glutinous and saceliariiic substaneos 
have a very great power to allay cougli when applied to llie 
l)ack of the throat, even in cases where we know tlfat inflannlia- 
lion and consequent irritation exist in the respiratory passages 
below the glottis, at a point which the inncilaginous subst<ances 
cannot’^reaeh. The probable explanation of this action of such 
substances as marsh-mallow lozenges, jujubes, consisting of gum 
and sugar and Spanish liquorice, is that the irritauon wldcli?^ 
occasions the cough exists at the root of the tongue and around 
the fauces, as well as in the trachea, bronchi, or luiig^, the com- 
bined irritation roiideriiig the cough worse tliau eith<?t‘ tlu5 one 
or the other alone Avould do ; and, therefore, if we sootlie the 
tongu^. and fauces we relieve the cough, even though the irrita- 
tion in the broncliial tubes or lung may remain as before. The 
pow’cr of such substances as those mentioned to relieve cough 
(lepeudKS, no doubt, to a great extent eitlicr on their covering the 
iiihaiued and irritable surface directly with a mueilagiuous coat, 
and thus protecting it from the action of the air or fr<.)m irrita- 
tion by Other substances passing over it, or l)y e.xeiling an 
Increased flow of saliva or mucus, which has a siiuilar effect. 
At the same time, we cannot deny tlie possibility of their having 
other actions, though with these we are at present unac(p.iaiuted. 
The use of the mucilaginous substances containing opium or 
other sedatives, winch we know under tlie name of “ linetus,'' is 
a more eomplicatejl one. In them we have the soothing action 
of the mucilaginous compound, combined with the local sedative 
acti<.ui of morphia, chloroform, or hydrocyanic acid upon tho 
iiitlamed or irritable mucous surfaces at tlie root of the tongue 
and back <.>f the throat, and this renders even their local action 
more pow‘erful than that of a mucilaginous substance alone. 
Such drugs as opium, hydrocyanic acid, and cliloroform liave a 
certain amount of local action upon the peripheral emls of 
sensory nerves, and lessen their sensibility to impressions. 
When they are applied to the ends of the nerves only for a very 
short, time, as they are when we swallow these drugs in a liquid 
form, their local action is comparatively slight. It i>s much 
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tukeij in a inucUaginous velncle, whicl^ 
acffierihg W membrane over whicll it 

passes, keeps the sedatives in ^ntact with it for a longer tini^ 
and thus rdlows them to exert a more powerful action, Btfe the 
sedatives which we give to relieve cough are not unCfequenlly 
administered in the form of solution, and then, though their 
local action must l)e eoinparatively slight, they still lessen a 
troublesome cough. Their action lierc is a difibrent oi 1 *e from 
that which we have just dismissed, but it is possessed by the 
'^vsedativc whether given in the form of lirictus or of solution. 
Ill either way it is swallowed by the patient, absorbed from the 
stbmaeli apd intestines into the circulation, and carried by the 
hloo<l to the medulla oldongata, and also to the inflamed mucous 
membranes, in wliich tlie blocal circulatos freely, just as well as 
in other pai ts of the body, althougli here its action is likely to 
1)0 veuy much less than if it \vere applied for a Itmgth of tinui 
diroeddy, as in the shape of the limdus; but, as we liuvo 
mentioned, the linctus can only l>e applied to tlie back of the 
tongue and UnyKit, and the source of irritation of the afferent 
nerves may ho in the bronchi or in tlie lung itself, lleio, no 
doubt, a. liiK.'tns cannot ])enctrate, but wo may to a cevtain 
extent act hxaiily u])oii. the nerves by tiie use of spray a n^ 
inhalation. Some of these, .such as the vai)our of coniuni and 
the vapour of liydrocAa'inic acid, are intended to lessen the 
irritability of tlie soiisoi y nerves in the respiratory passages, and 
thus lessen cough. Others, such as the spray of ii)e aciianha, 
and inlialation of essential oils and terebiiithinoiis substances, 
have probrddy a dilTerent action, and do not lessen the irrita- 
bility of the Ksensory nerves in the i*espi rat ory passages, but 
alter tlie nutrition of (he mucons membrane in sucli a way as 
to diminish tlie irritation Avliicli tlie abnormal condition of the 
memlinine exerts upon the nerves. 'VViieii the irritation is 
situated in the larynx, as in cases Of laryngeal phthisis, one of 
the host fncians of relieving it is ])y applying the sedatives 
lobally> whether by means of a brush, or, what is perhaps still 
IxHter, by blowing it, in the form of a powder, directly upon 
; the. irritated surface. A useful apidication in laiyngeal phthisis 
eprisists of a mixture of morphia and starch, in the proportion 
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(jr about ouc-sixtli of ^ grain of morphia to two gm of > 
starch. This mixture is iritimlucod . into a glass tjibc/of, a 
proper shajie, and is blown clown the throat at the instant tliat 
the patient takes a deep inspiration. powder is thus dis- 

tributed over the interior of the larynx, and exerts its local 
sedative intluence upon the irritated surface, as wel?as a gene?al 
sedative effect upon tlie central nervous system after its absorp- 
tion. 

This brings us to the second mode in wliich sedatives relieve 
cough. After their absorption into tlie Idood, in whatever 
inaniier they may liave be(m aj)plied, they are eariied to the'^ 
medulla, and there lessen the exi/italulity of tlie nerve centA. 
through which the rellex act of cougliing is ]U’odiiced.# In large 
dosi\s their sedative effect may Im so gr(>at as to endanger life, 
and the caution is given in every text-hook, and by every 
tearho^ that ies|)iratory sedatives such as opium should be 
carefully adininisttMed to persons suffering from bronchitis with 
l)rofn80 expectoration, lost the irritability of the medulla should 
he sy,. far (li ruin ishe<l that it will no longer respond even to a 
powerful stimulus from the lungs, and the secretion may conse- 
quently go on accumulating iintil when the ])atient awakes the 
respiratory passages arc so clogged with mucus that no effort 
which he can make, is sufficient to clear them, and he dies of 
suffocation. IJy administering- them in smaller quantities, how- 
ever, tlie effect of resjaratory sedatives may ho graduated so a.s 
to diminish cough without any risk of causing death, iiiid their 
effect would he exceedingly beneficial if lliey acted only upon 
the respiratory centre. Unluckily, however, this is not the case, 
and the most powerful of all — viz., opium — not only influences 
the respiration, but the digestion. It diminishes the cough, 
but somotiines, also, it diminishes the appetite, and may inter- 
fere with the jiroper action of the bowels. When this is the 
case, we are obliged careluZly to steer between two dangers: 
( 1 ) the injurious efibets of tlie cough itself, and ( 2 ) the injurious 
effect of disturbed digestion. If wo leave the cough alone, it 
exhausts the patient, for the muscular exertion involved in a 
violent fit of coughing is very considerable indexed, and tho 
muscular effort exerted by a patient with a bad cough during 
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tile t\veuly-four hours is really more thgn equivalent to that of 
many a jjfiaii in a day’s worki Nor is this all Anyone who 
watclioB the fiice*of a patient during a violent fit of coughing 
will see the skin become flushed, and then dusky ; the ve^is in 
the foreheiul and in the jugulars swell up, and become so tense 
thht they sfcm as if about to burst; so that there is both 
venous engorgement and interference with the respiration. 
But what we see in the face takes place elsewhere. The same 
tension wliich we see in the jugulars is also present in t^e right 
side , of the heart, in the vena cava, and in the portal system ; 
for the portal vein has no valves, and tlie increased tension is 
flhmsraittcd backwards to the veins of the stomach, spleen, and 
intestincsj« By-and-by this all begins to tell upon the heart 
and u])On the digestive system as well as, to some extent, upon 
the kidneys. The stomach becomes congested, and we have loss 
of appetite, nausea, and voinitijig. The j)a1ient, too, js kept 
awake, and we liave nervous exhaustion, oi- loss of sleep, added 
to the weariness caused hy the muscular exei Li(.iu, and to the 
depression occa.si(jncd hy digestive distni'bance. These are what 
wo have to ftiai' : on the one hand, continuous coughing ; on the 
other-, wo must avoid the digestive disturbari(.'e produced by our 
sedatives ; and the duty of the physician is, so far as possible, 
to relieve the couglr witliont disturbing the digestion. N umerous 
combinations have been devised, and are found to be, empiri- 
cally, of very great service. If we take one of them and 
attempt to analyse it, w-e shall find that its components are 
sncTi as to diminish the excitability of the respiratory centre, 
and at the 'same time to lessen the injurious effect of the 
sedatives upon the stomach. Such a one is the following 
mixture: — Solution of hydrochloride of morphia and dilute 
hydrocyanic acid, of each eighteen minims; spirit of chloroform 
and dilute nitric acid, of each one fluid drachm; glycerine, 
three fluid drachms ; infusion of cascarilla or infusion of quassia, 
two fluid ounces ; a sixth part to be taken three or four times a 
day. . 

In this mixture, which in its essence was much used by the 
late IJr. Warburtou Bogbie of Edinburgh, to relieve the coiigh 
in phthisis, we find the sedatives morphia, hydrocyanio adid,. 
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^tnd clilorofia'in to Ics^ni tlie exci.tal»iUty of the respiratory 
centre ; we find glycerine, wlvieh will tend to retain llie seda* 
tives for a longer time in contact with the back of the throat, 
and yill also act to some extent as a nutrient. We have coin- 
hined with these nitric acid and infiision of casearilla or of 
qiiJMSsia., 'which have so-called tonic (?) action upor^the stuinf^h. 
In what this eflect precisely consists we cannot at present say, 
but we ina,Y imagine that it will in some way partially counter- 
act tlie^effects of tlie cuiig(-stion which tlic cough produces, and 
at the same time wo know tliat tljcy liave tlie power of exciting 
appetite, and tluw will tlius in a great measure counterbalance/ 
the injurions efJ'ects of the niurpliia upon digestion. Nor is tlAs 
all. The nitric acid, as I shall shortly have to menjbion, lias a 
very definite effect indeed upon the seijretioii in Clio lungs 
themselves ; and tliis brings ns tt) the coiisideratioii of another 
part (4f our subject — viz., tlie (dfect of drugs upon the secretion 
and nutrition of the lungs, by which they tend to restore the 
healthy condition of the bronchial and pulmonary tissues, and 
tlius diminisli ccaigliing. 

First of all, then, we must consider those drugs which lessen 
congestion. If a. person, hastily eating or drinking, gets a 
crumb of bread or a drop of fluid down the larynx, or into the 
wrong throat, as it is termed, ho suddenly begins to cough 
violently, and tlie cough continues until the source of irritation 
has been removed. If the irritation has been violent he may 
give a few'' coughs after tlie crumb has licen conglied up, although 
the primary source of irritation — namely, the crumb — has dis- 
appeared; Imt the congestion which it occasions still remains 
for a short time, and acts as an irritant. If a person sufleriiig 
from disease of the mitral valve makes any sudden exertion he 
is very likely to bring on a cough, which, liowever, quickly 
subsides after a short rest. The cough here is not due to 
inflammation of the mu(3ous membrane, but simply to conges- 
tion, and when the congestion disappears the irritation goes 
with it. In cases where vve have inflammation of the respira- 
tory vessels actually present, as in persons suffering from 
bronchitis, the congested condition of the membrane is a source 
of ooiisiderable irritation, and we frequently notice that such 



i SM- BKdxciittts AXD PirTHisra:! 

persons, on goitig out into the coUl air, i^ay cease to cougi>, but 
a^ih begiii to cough violently when they return from the cobl 
air into the warm coom. The reason of tliia is that the cold air 
has acted upon the congested vessels of the respiratory paagages 
in a somewhat sipnlar way to what it does upon the vessels of 
,^th»face ; it clauses them to contract, and the congestion being 
thus diminished the couglr is lessened. When the patient goes 
into the warm room the face, which may liave been pal| while 
he was exposed to cold, llnshes up with the heat, the vessels of 
the respiratoiy passages also become engorged, and tlie increased 
vongostion causes irritation, bringing on the cough. In other 
caues, again, we notice that, just as tlie face l)ec‘onu's pale when 
exposed to, cold, it shortly alterwards beconus Hushed, altliougb 
the apiditatiou to cold continues. A person suflering from 
, bronci litis, on going into a cold room, will begin to cough 
violently, the cold here increasing instead of diminishing 
congestion. 

The pulmonary capillaries have great contractile power. Ten 
years ago 1 made some experiments, which 1 luive not yet 
publi.slied, on the subject («/. aiitm, p. .334). 1 found that 

on the application of cold to the lung of a Frog, when 
placed under the microscope, the capillaiics would contract 
to tw'o-thirds of their i'ormer diameter. Wo have, however, 
very few observfitions on the action of drugs u])on the 
jiulmonary circulation, the diHiculli(>.s in tin; ojierative pro- 
cedure teing very considerable. I have ob.served that mus- 
carin appears to have a power of coiitraeting the pulmonary 
vessels, and that this edect is aholLshed by atropia. I am 
unaware, at present, of any other observations on tin; action of 
drugs upon the pulmonary circulation. Circumstances have 
prevented me from studying the recent researcdies on tliis 
subject in the way T should have wislied while drawing yp this 
pajier. From its power of contracting tlie vessels , in other 
parts of the body, we should exiiect that digitalis would have a 
similar action upon the lungs; and we lirid, iu looking over 
Beasley’s "Book of I’rescriptions,” that digitalis has been used 
in pvdpionary . affections— a.s, for exaniido, in the following 
employed by Sir A. Crichton in acute phthisis r leraoti'* 



juico, half an ounce ; ca^^bonate of potash, to saturation ; decoc- 
tion of sarsaparilla, ten draehirfs ; tincture of digitaSis. ten to 
thirty minims ; acacia mucilage, ton dmchnis: to be talcon every 
sixtliflhoiir. In such a prescripticui as this ^^e have the tincture 
of digitalis, which will, in all pvol)abili(:y, by coijtracting t]iG 
vessels, diminish the puhuouary congestion, and iessen cohgli. 
It is coinhined with carbonate of potash, and the eflect of potasli 
upon tl^ lungs is very marked iiuh’oJ. For my knowledge of 
its action I ani indebted to Dr. Andrew C.^arke. Its action is 
perhaps best noticed in a patient suffering fiom consolidation 
and softening of a liinitxid portion of one lung. When s\ich g, 
patient is in ordinary health, one may oh.siUA'o, on stelhoseopic 
examination, erojutant rales, limited to one spot, ^yiien he 
catches cold, one may hear, in addition to tlios(*, dry rales 
extending for sonic distance arourid tlie irritated spot, and the . 
cough «t the same time becomes more freiiuentand troublesome, 
wliile there is very little, if any, expectoration. If potash bo 
now given alone, or, still Ijcttor, in combination witli a vegotal)Io 
acid, the dry rales subside, and arc re^jihu’ed by moist ones, 
which in the course of a day or two, as the jiotash is coutimicd, 
alter in character, giving one the impression of tlieir being 
(uxused by less viscid lluid. At the same time the expectoration 
becomes more copious, and the cough less fre(pumt and less 
Iroublesomc. Now is the time to altiu: tlie treatment, and for 
the potasli to substitute nitric acid. If this he given too soon 
the congli, wliieli had begun to get easier, will again become 
drier and iiarder, hut if it be adiiiinistorod at the proper moment 
tlie cough becomes still less troublesome, the expectoration 
diminishes, and the moist rules disappear from the neighbour- 
hood of the consolidated part of the lung, altliough they may 
Btiir remain, as before, in that part itself. IVjtash, then, has a 
very iricarked effect in rendering tlie pulmonary secretion more 
fluid and abundant, while nitric acid has an opposite effect. As 
ill many cases wo wish to diminish the s()ci‘ctioii rather than 
increase it, it is nitric acid rather than alkalies which we 
employ for long periods in the treatment of phthisis, as we have 
already seen in the modified formula of Dr. Eegbie’s phthisis 
mixture. 
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One of tlio most powerful expectqffants is simply a little 

VFarm fodi in the stomach, arid in cases of chronic bronchitis, 
in which the patients complain of violent coughing imme- 
diately after rising, one of the best expectorants is a glsss of 
W 5 ,rm milk, ^'ither with or without a little nun, and atbiscuit or 
a piece of bi’ead about a quarter of an hour before they get up, 
A little warm beef tea will have a similar effect. After taking 
this for a short time they generally tell you that tlio fsputum 
comes away much more easily than before, and they are not so 
much exhausted by it. But perhaps the remedy, par excellence, 
ip)t only in cases of phthisis, but in chronic bronchitis, is cod- 
liver oiL Poreons suffbriiig from long-standing chronic bTon- 
cliitis wjll often comes to a hospital to beg for cod-liver oil, 
saying that it eases their cough far more than any cough 
mixture. Other oils or fats have not this power to the same 
extent as cod-livor oil. We ca.nnot say positively wRat the 
reason of this may be, but 1 think tliere is no donl)t about the 
i.. fact. My own bciliof is that cod-liver oil is more easily assimi- 
lated than other oils, and not only so, but more easily trans- 
formed into tissues themselves. Whether it owes this property 
tf.) its admixture with biliary substances, or to its cliemical 
composition, we cannot say. In his book on “ Pat and Blood, 
and how to make them,” IVr. Weir Mitchell quotes a remark 
made by au old nurse, that “ some fats are fast, and some fats 
are fleeting, but cod-liver oil fat is soon wasted.” liy this she 
meant that there were differences in the kinds of fat accumu- 
lated under the subcutaneous tissues of men, just as there are 
differences in subcutaneous fats w’hich accumulate iii horses. 
The horse fed on grass soon gets thin by hard work,i^hile fat 
laid on when the horse is feeding on hay and com is ninch;;m;OTe 
permanent. Persons fattened on cod-livor oil sOoij lo^e the 
fatness again, and this, I think, points to the power 
transformation wliich the oil possesses. Suj)posing thai it dofes 
possess this power, we can readily see how veiy advantageous it 
will be. In chronic broncliitis, and in catarrh and pneumonia, 
we have a rapid cell-growth, but want of development. The 
cells lining; the respiratory cavities are produced in gresfc 

not grow as they ought to do. 
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remaiiii W less, Ivmphoid cells, instead of developing into 
]n*oper epitheliiim. Tney so rapidly form, and are|thi'own off 
so <i|niclvly, tliat they have not time to get* proper nutriment, 
and^i^if they arc to grow properh^^ we must supply them, not 
with an^ ordinary kind of mitrinient, but with one which is 
much more rapidly absorbed, and is capable much iftore 
rapid transforjuation in the cell itself than, tlie usual one. This 
powexji^is, I believe, possessed by cod-liver oil, and to its quality 
of nourishing the rapidly-formed cells in the lungs in cases of 
bronchitis and catarrhal pneumonia I believe its great curative 
power is om Lng. ^ 

■The next subject we will consider is the action of some drfigs 
in the vomiting associated with coiigli. The action ji)f vomiting, 
like that of congliing, is reflex ; the nevvous centre hfr it is also 
in the moduli a oblongata, closely associated with the respiratory 
centx^, and it is exfeti?d by various alfonuib nerves, tlie c'liief of 
them being tlie bi-anches of the. vagus di.stributed to the 
stomach. When congestion of tlio stomach is pi-esont, these 
become irritated, and m'o got loss of appeotite, nausea, arid 
vomiting. Like congliing, vomiting may be prevemted by the 
removal of the irritant. For example, where the initant is 
indigestible food, the vomiting cc;ases after the ojection of the 
offending substances. Wlien the irritation de|)ends on iiillam- 
matioii of the walls of the stomach, it may be soothed by 
sedatives having a local action upon the nerves, such as ice and 
hydrocyanic acid, or by drugs liavin.g the po\v<ir of lessening 
the irritability of tlie nerve centre of the medulla, such as 
opium. In the chronic vomiting of plitliisis, all thes(? drugs 
may be-employed, but there is one other which has been useful 
in and wliich probably lias no effect either upon 

centre or the nerve ends. This is alum. Its mode of 
is that by its astringent power it contiacts the 
vessels of the stomach, and thus lessens the congestion and 
consequent irritation produced by the continued cougliiiig in 
the manner already described. 



NOTE EEGARDING THE EFFECT OF ELEtJ- 
TIllCAK STIMULATION OF THE FROG’S 
HEART, ETC. 

This rcsearcli was the outcome of the observations marie by 
lioinaries iii IS/G and 1877 upon Medusa*. Ife found in these 
a^imals that the rhythmical movements of the hell are kept up 
by H ring of ganglia round its ma-giu. When a strip of con- 
tractile tissup. f.-ontaiuiiig tlie ganglia is cut awav from the bell 
for a certailii distance but left attached at one en.l, stimuli am 
pass along the strip in two ways, either as contnuUion in the 
contractile tissue of the strip or along tlie nerves. The neiarQUS: 


Fia. IfJi. 


conduction may either pass along in front of the; 
when this is present, or jnay pass along withont any 
at all occurring in the strip, and only become mariijffist by 
movements in the tentacles which fringe the Strip and are nioro 
sensitive than the strip itself. 

It w^ in Older to find out whether the cardiac coiitraetioiv 
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wliicli ^icgius.:ia the veifous sinus or auricle passes along to tlie 
vehtricle throiigli the contractile tissue of the heart, through 
its ijiprves, or through both, tliat the following exporiincnts were 
unciortalven. 

But the research was not so easy#ns that upozi Medusa;/ for 
tlio hell of the medusa shows by its contraction, or the tentacles 
on a strip by their motion when the stimulus lias reached 
tlioin, whilst in the heart tliore is a refractory period during 
wliich the application of a stimulus }»rod vices no contraction. 

Tin’s rendered the rosean?h a veiy long and tedious ono, 
requiring an iiinncnse uuinhcr of (^x]H‘vimonts, so that although 
the results of a. niiiuber of them were communicated to the 
Royal Society in 1881, the full research was not jiuMLshed till 
188-,h 

Afyu’ ilie puhlicatiou of our first notice, an admirable paper 
‘by Gaslvcll ajqieai'ed oti tlui transmission of stimuli in the frog's 
heart, but liis method of working was difiennit from ours, as ho 
employed couijiression of the contractile tissue as a means of 
regulating the passnge of stimuli along it. 

Tlie results of our experiments apjjoar to show tliat stimuli 
in the heart may pass from one part to another along nervous 
cliaiinels as well as along contractile tissue. 

Ill regard to tliis, 1 may note especially tliat stimulation of 
tlie auricle causes contraction both of the auricle and \'entricle, 
but the ventricular contraction follows the auricular one in a 


way tliat seems to indicate that the stimulus has boon propa- 
gated- through the muscular siibstaiiee. On the other liand, 
stiiimj^™^ of the venous sinus sometimes j)roduces a simul- 
.^i^et^^i^fltraction of the auricle and ventriede, which appears 
that the stimulus has been conveyed along nervous 
to the auricle and ventricle, nnd not along the 


^ from the sinus to the auricle and then to 

tW veujtriicl^^* 



ON THE sEFFECT OF ELECTEICAL STfMULA- 
TION OF THE FROG’S HEART, AND ITS 
MODIFICATION BY COLD, HEAT, vAND 
THE ACTION OF DRUGS. 

^ In conjunction with THEODORE CASH, M.D. 

I' 

(Reprinted fjom the Proceedings of the Boyai Society, vol. xxxii, No. 2H, 1S81 .) 

^ Received May 16, 18S1. Read tfumj IG, 18S1. 

From the results of the recorded exporiineuts conducted\)n the 
frog*s heart in its normal position and still ex(3rcising its circu- 
latory function, we have found — 

I. That electrical stimulation by a single iiuhicod shock Ims 
either an obvious effect on the contraction and rhytliiu of lIio 
organ, or no such elfetjt is apparent. 

II. That the effect is niodilled by — 

(a.) J7ie Time of the Cardiac Cycle in wMch Stiraulaiion fWs, 
— Tlius Marey lias already shown tliat a so-called refractory 
period is demonstrable under certain condition-s.'*^ Well-marked 
variations in latency wdieri the stimulation is j)otent to induce a 
systolic contraction are to bo recognised. 

(b.) The Strength of the Stimulation Ajrplkd, — Eefractory 
periods possible under minimal stimulation can no longer be 
demonstrated under maximal, whilst a disturbance of 4*^: pjla- 
lionship of auricular and ventricular contractions inapi. bo 
induced. 

(c.) The Area of the Heart to vAiich Stimulation is A']^ieAf^ 
A refractory period demonstrable under stimulation of the ven- 
tricle may cease to occur when the sinus venosus is the seat of 
irritation. 

=• Tho conditiona of this ref raotoiy period, or ** period of (iimimshed excit- 
<ibility,” liave been very fully investigated by I)r. Burdon Sanderson and Hr* 
OPa^e. iVoe. jKoy. iSoc,, vol. XXI, p. 373. 
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(d.) -Action of J^cat, Cold, and Drugs , — Thus cold pro- 
longs the 8y|ldl^:.^Jie refractory period, and the liit<|ucyof an 
induced contmction ; whilst strychnia, leaving the curve of 
systdle unaltered, lengthens the refractory period to a marked 
degree. 
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.In tho following reseiivch wc have exiiniinetl the eflect of elcc- 
:':jtncal stimuli applied to the dilforont cavities of a frog’s heart, 
and the raodilicatioiis of their cHect by heat, cold, aftil the 
action of strychuia. The effeefc of electrical .stimuli xipou the 
ventricle, and tho alterations occa.sioiied in it by tlu! applica- 
tion of heat, have a]i'(:v,idy been studied by Profes-sor Marcy, 
The time redations of excitation in the frog’.s lieart have also 
been very exactly dotennined by Dr. J.>mdon Sanderson and 
IMr. Page. But it seemed desiraldo to extend the scope of the 
research, and instead of contining ourselves like previous ob- 
servers to tlie effect of stimulation ajtplied to 1,ho ventricle 
alone, to observe also the effect of stimulation of tlie ventricle, 
auricle, and venous sinus, both oil the ventricular and the auri- 
cular contractions. This wo did with tlie hope that from such 
Series of obser\’ations wo might be able to arrive at some con- 
clusions ].'egarding the. transtni.s8iou of stimuli from one part of 
the heart to the other in the ordinary course of the cirenlation. 
Px-ofespor Marcy found that when an electrical stimulus was 
supplied to the ventricle of a pidsating frog’s heart the effect 
differed according to the coirdition of contraction or relaxation 
in which the ventricle was at the time the stimulus was applied. 
During the first part of the contraction of the ventricle, from 
the commencement of the contraction until nearly its maximumj 
stimulation had no apparent effect at all, and this period Mai’ey 
terms the ‘‘refractory period,” Following this phase is a second 



877 ; 

onei^tei wie lillve niyen in tte following papor the tenu of 
«eji8^v©.pl^8e * l^ting'^rom the maximum of fgrstole to 
its ^d. 3?he iefractoiy period varies in duration according to 
the uitonsity of the- stimulus, and the conditions under which 
tlie heart, is operated upon. The feebler the stimulus, the 
longer is tire refractory period. When the stimulus is very 
slight the refractory period may persist during the whole ven- 
, tricular fi^^StOlO ; as - the stimulus is increased, the refractory 
period beohmes shorter, and finally, when it is very strong, disap- 
pears altogether. 

Heat applied to the heart shortens the refractory period or 
abolishes it altogether. Cold has an opposite effect, an(f 
lengthens the refractory period. The contractions A^ed by 
artificial stimulation do not much alter the cardiac rhythm, for 
the accelerated beat is followed by a longer pause than usual / 
which compensates for the diminished interval between the two 
first beats. Sometimes no ventricular coutraction is induced, 
and then instead of acceleration there is apparent inhibition, the 
application of the stimulus being followed simply by a longer 
diastolic pause than usual 

Matey’s observations were confined entirely to the movements 
of the ventricle, but we have extended ours to the movement of 
the auricle as well. We employed two levers : one resting upon 
the ventricle, and the other upon the auricle, which recorded 
movements upon a revolving cylinder covered with smoked paper. 

It is unnecessary to enter here into a fuller description of the 
apparatus, which is given elsewhere.* 

By the method employed we are able to study the effects of 
maximal ^aud minimal stimulation applied to the ventricle, 
auricle, and venous sinus upon the movements both of auricle 
and v^nriicle. 

By minimal stimulation we understand the smallest shock 
that produces any visible effect that in any way modifies 
the course of contraction or the rhythm of the organ ; and by 
maximal stimulation we mean the electrical irritation of such a 
strength that its intensification produced no visible increase in 

its' effect . 

• OBah,V«>«r)Mti cf Tol. iv. No. 2. 

2r 
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Tlio apparatus for stimulation consis|^d of a bicromato battery 
with twofzinc (3^ inches by 2 inches) and three carbon plates, 
the size of these being 8 inches by 2 inches. This was con- 
nected with a coil, and a key was interposed by which the 
primary circuit could be made and broken at pleasure. The 
moments of opening and closing the circuit were roistered upon 
the same revolving cylinder as that upon which the cardiac 
pulsations were noted, by means of an electro-magnet, the 
marker of which was placed immediately under the pens of the 
^ cardiac levers. In all the tracings the upper curved line shows 
the ventricrdar contractions, the lower curved line the auricular 
contractions, and the broken straight line the moment of excita- 
tion. T^hfe descent of the line indicates the opening, the ascent 
the closing of the current. 

In the secondary circuit were placed the electrodes for stimu- 
lating the various parts of the frog’s heart, and this circuit also 
could be broken or changed at pleasure by means of an inter- 
posed double key. 

The heart was stimulated by a single induction shock. In 
minimal stimulation only the breaking shock rvas effective, in 
maximal stimulation both making and breaking shocks. The 
apparatus, which is described in a separate note, admitted of the 
venous sinus, auricle, or ventricle being stimulated at wilL 

When recording the effects of stimulation of the venous .sinus 
we speak only of changes in rhythm of auricle and ventricle. 

We shall examine seriatim the results of irritation of each of 
these. The temperature of the room in which the experiments 
were conducted was 67* to 70° F. The frog employed was, on 
all occasions, the Eana tcviporaria. 

Stimulation of the, VerUricle — Minimal. 

On stimulating the ventricle with a single induction shock of 
minimal potency we find — 

(1) That between the commencement of the ventricular 
systole rrp to or nearly up to its maximum there is a refractory 
period (Fig. 165, a and h) during which stinrulation applied to the 
ventricle has no effect whatever on that beat of the heart, hr 
the one succeeding it, nor is the auricle in anywise affected. 
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(2) That after the refractory period has elapsed stimulation 
causes a reduplication of'the heat (Fig. 165, c). > 


Fio. 165. 



e. 


Stimulation of Ventricle (minimal). 

a and b, stimulation in different phases of refractor/ period, 
c, stimulation after refractory period has passed, showing different 
forms of reduplication. 

(3) The latency of this reduplicated beat becomes distinctly 
shorter as the systole passes into the diastole. Tlius supposing 
the value of a single cardiac systole to be l'-3, stimulation fall- 
ing just at tiie maximum of a beat will cause a reduplicated 
beat with a latency of 0‘33. When the stimulation occurs half 
way down the curve of relaxation, the latency is 0’18 or 0 2, and 
when applied at the instant before the abscissa; would have 
been reached the latency is only 0*13. 

(4) Where acceleration or reduplication occurs, the suit- 
sequent diastolic pause is prolonged, so that the time occupied 
by the two beats, the interval between them longer or shorter, 
and the subsequent pause, is nearly equal to the time which 
would be occupied by two normal beats with their associated 
diastolic pauses (Fig. 165, c). 

2 p 2 
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(5) The ventricular reduplication i| often associated with a 
rednplica/iion of the auricuhn* beat, but in no case has the latter 
its commencement before the former. It is usually, in fact 
distinctly later (Fig. 166, a). « 

^It is to be noted that, minimal stimulation applied to the 
during its refractory period produces mo effect on the 

auride. 


Fio. 166. « 



Stimulation of Tentricle (minimal). Tracing ihowB long pause after reduplica* 
tion. The two opening stimulations occur after maximum of systole has 
passed. ^ 



FlO. 167.— Time-Writer, marking seconds. Applicable to all tracings in the 
paper, except those in the Appendioea. 


We may divide each ventricular cycle into three parts, the 
first reaching from the commencement of systole nearly up to 
its maximum, the second from nearly the maximum of the 
systole to its end, and the third embracing the whole diastolic 
period from the end of one systole to the beginning of another 
(vide diagram A) except when the stimulation falls immediately 



A. 


WlQ. 168. — Diagram A shows tlio division of the rentricular cycle into three 
parts.—!. Befractory period. 2. Sensitire period. 3. Acceleratire petiod. 
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after the end of the refractory period. In all these points our 
results agree with those already obtained by Marey.* » 
Stimulation applied to the ventricle during the first period 
has t» effect whatever either in accelerating the occurrence of 
the second beat, or altering the length of the subsequcj/it 
pauses. This constitutes the refractory period. 

Stimulation applied during the second period causes redupli- 
cation af the systole, the next systole succeeding with a con- 
stantly diminishing latency up to the end of the period. When 
the stimulation is applied in this period, the two systoles being , 
more or less united, there is no distinct pause between then^ 
but the diastolic pause succeeding the second occupies very 
nearly the interval of time corresponding to two nortnal dia- 
stolic pauses. In this second period the heart is more sensitive 
to the action of minimal stimuli than in the first period. In 
the thifd period, that of acceleration, stimulus applied to the 
ventricle hastens the advent of the succeeding systole, and the 
latent period is very short, being nearly equal throughout its 
whole extent to the latency at the end of the second period. The 
sensibility of the heart to stimuli is scarcely so great in this 
period as in the second. 

The length of the diastolic pause succeeding the accelerated 
systole is longer than normal, the increase in length being nearly 
equal to the amount of acceleration. 

Stimviation of tlie Ventricle — Maximal. 

When stimuli of maximal potency are applied to the 
ventricle between the maximum auricular systole and the com- 
mencement of ventricular systole, the ventricular systole im- 
mediately following the stiniulus is rarely slightly higher than 
normal, and the diastolic pause succeeding it is excessively 
long — so long, indeed, as to be nearly, if not quite, equal to the 
time which would, as a rule, be occupied by two diastoles, so 
that the time occupied by the systole and diastole after stimu- 
lation applied at this period of the heart's cycle, is equal to the 
time usually occupied by one systole and two diastolic pauses. 

• Op. cit.^ p. 72. 
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In most cases this systole was a;opRrently no higher than 
normal, »,nd consequently we cannot with plausibility regard it 
as a case of superposition of two systoles. 

sin some cases the time within which this pause may bb pro- 
dpced is strictly limited to the point indicated ; in others, how- 
ever, it may extend some little distance towards the maximum 
of systole, though it never reaches this. In other words, it 
may encroach upon the refractory period u'hich we hsive men- 
tioned when speaking of minimal stimuli, although it never 
extends through the whole of it 

This phase may occasionally, though rarely, be absent. Its 
place is then taken by reduplic^ition, or very rarely by insensi- 
bility to simulation, as in the refractory period. 

Beduplication with maximal stimuli occurs during all times 
of the cycle, except at the very commencement of the systole. 

A very considerable latency is to be observed in cas^s where 
stimulation falls early in the systole. The latency, when this 
is the position of the shock, is usually 0‘5' or even more, and 
occasionally where stimulation is coincident with the e»irliest 
po.sSible attempt at systole, nearly the whole beat may lapse 
before reduplication. 

The latency is greatest when the stimulus is applied at the 
commencement of the ventricular systole (with the exception 
of its very beginning), and it gradually decreases towards the 
end of systole, at wliich time it is at a minimum. During the 
diastole the latency seems to remain constantly the same as at 
the end of systole. The later in the phase of ventricular 
activity the i-eduplicated systole commences the more perfect 
is it. 

In all the points already mentioned our results agree with 
those of Marey. 

Stimulation of the ventricle falling before or at the maximum 
of ventricular systole, i.e., during the refractory period of a 
minimal stimulation, frequently causes a reduplication of the 
auricular systole which holds the same relation to the induced 
ventricular beat that the auricular contraction normally holds 
to the ventricular. 

Stimulation falling after the maximum of ventricular systole 
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may cause an induced ^uricular contraction, but this is nearly 
synchronous with, or even subsequent to, the induc^ ventri- 
cular contraction (Fig. 170, a and I, and Fig. 169, c). 


Fia. 169. 





C, 


Stimulation of Ventricle (maximal). 

a, normal tracing ; effect of maximal atimulation. In h inhibition is seen. 


Fio. 170. 



a. h. 

Stimulation of Ventricle (maximal). 


Sometimes reduplication of the ventricular beat may beemr 
without reduplication of the auricular (F^. 169, c). 
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Tliese xesults may be possibly due, in part, at lea.st, to direct 
stimulation of the auricle itself by tl(e strong ourrenc used to 
stimulate the verftricle. 

Stimulation of the Auricle — Minimal. * 

When minimal stimuli are applied to the auricle, there is 
occasionally a refractory period, extending from the beginning 
to the maximum of auricular systole. When the stiiftulus is 
applied at the maximum of auricular systole, or just after it, it 
, sometimes produces an omission, or, as we may terra it, an 
{apparent inhibition of the next auricular .and ventricular 
systoles (Fig. 171, b). Stimulation falling after this point and 
occasionalfy on it, will cause a redujilieation of auricular and 
ventricular contractions to occur which nuiy have a latency of 
as much as 1'25 seconds. 


I'KK 171. 



b. 

Stimulation of Auricle (minimal). 


No secondary contraction can usually be produced in the 
ventricle till an induced auricular contraction has occurred; and 
as the auricular latency is considerable, the ventricular latency 
is also very long. Thus, should the stimulus producing con- 
traction fall at the commencement of ventricular systole, the 
auricle may have a latency of one second and the ventricle of l4 
seconds. ■ 

Thef sensib^^ of the auricle to minimi siimt^riQii sc&y 
generally be divided into three phases 
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Istly. Stimulation lijjiy fall at such a stage of auricular 
activity that it does not cause an instantaneous re^>onse, but 
allows the auricle to pass through its diastole before it causes 
redd|)lication. 

2ndly.*It falls at such a time that the auricle responds^in- 
stantaneously. 

3rdly. About or shortly after the period of auricular maxi- 
mum i^iimilation may cause inhibition of the auricular and the 
ventricular sequential beat. 

Stimulation at any period during the diastole of the auricle; 
until the abscissa is reached, causes a reduplication. The latenijy 
of this reduplicated ]:)eat is shorter the further the diastole is 
advanced. It is followed by an induced ventricuTa* beat in 
ordinary rhythm. 

Stimulation during complete auricular diastole and before 
systole coimuciices causes a contraction with very sliort latency, 
succeeded l)y an induced ventricular contraction. But it is to 
be noted that occasionally stimulation at this period causcvs a 
normal auricular contractiou with an appreciable latency, and 
followed by a ventricular contraction. 

Stinmlation of the Auricle — Maximal 

Maximal stimulation of the auricle almost always produces 
some effect both on the ventricular and auricular beat ; this 
effect is usually one of stimulation, but it may be of apparent 
inhibition. 

Fm. 172. 



Stimulation: of Allride {maximal). 
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Maximal stimulation usuallyindu(:esJ^ ventricular beat when- 
ever it is applied (Fig. 172, a), excepting when it falls just after 
the summit of the auricular contraction. 

Stimulation at this point may cause no auricular contraction, 
but, on the contrary may induce omission of the suljsequent 
auricular and ventricular beat (Fig. 172, 6 2). 

When an auricular beat has been induced by stimulation, it 
is followed in the ordinary way by a beat of the vemtricle, 
excepting when the stimulus is applied to the auricle just at the 
qommencement of the ventricular systole. In this case an 
awicular beat may be induced, which instead of being followed 
by a corresponding ventricular one, is followed, on the contrary, 
by an omission of the ventricular beat (Fig. 172, a 1). 

At this point the latent period may be looked upon as indefi- 
nitely long, as stimulation produces no contraction at all. 

The more closely after this point stimulation is applied the 
longer is the ventricular latency. 

Stimulation of Venous Sinus — Minivicd, 

The venous sinus appears to be more sensitive to stimulation 
than either auricle or ventricle, so that stimuli applied to it 
produce an effect, although they are much slighter than the 
minimal stimuli of either auricle or ventricle. 


Fio. 173. 



■ - i. 

Stimulotiou of Yenou» Sinus (ndnimai}. In neither a nor h is Hxe elosing 

shock effeotive. 
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Stimulation of the venous sinus by a minimal shock is usually 
potent to produce some effect or other at every stage of ven- 
tricular activity (Fig. 173, 6). 

stimulation at the instant of commencement of ventricular 
systole usually causes omission of the following sequential J>eat 
of both auricle and ventricle. 

This period may occasionally he slightly prolonged into 
systoft. 

Stimulation of the sinus at all other periods of ventricular 
activity causes a reduplication of the systole. This induce^ 
ventricular systole is preceded by an induced auricular systqje, 
and therefore has tho prolonged latency before referred to. 

Stimulation falling at the commencement of * 'sentricular 
systole may cause auricular reduplication with ventricular 
omission (Fig. 171, a). 

In consequence of the long latency, we find all ventricular 
curves separated by a distinct interval from (their) reduplica- 
tions. 

Stitnulatmi of Venous Sinus — Maximal. 

Tlie period during which stimulation causes ventricular 
omission is well marked, and in some cases extends into the 



Fis. 
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h. 



NMmulatioii of Tenoiu Sinus (innxiinal). a, normal rhythm; h and a, 
^ stimulations all effective. 
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ventricular systole as it advances towards its maximum, thov^h 
the effect never jjroduced at the maxifiium. 

This omission of fche ventricular beat is most usually associated 
with a reduplication of the auricular beat, the second auricwlar 
contraction occurring within that ventricular systole, at the 
commencement' of which the shock was communicated 
(Fig. 174, b). 

Eeduplication occurs in all phases except at the periodowheii 
stimulation causes omission. The latent period of this redupli- 
cation is usually short, as in the case of a ventricle stimulated 
dir^tly, inasmuch as the induced auricular contraction does not 
precede the induced ventricular, except when stimulation falls 
before the jihiximum of ventricular systole, in which case there 
is usually a regular sequence of auricular and ventricular con- 
traction (Fig. 174, c). 

Usually after the maximum cf ventricular systole stilnula- 
tion causes a reduplicated beat with short latency, inside of 
which curve falls that of the induced auricular contraction; 
however, genuine sequential reduplication of auricle and ven- 
tricle with long latency is not uncommon. Not unfrequently, 
after repeated stimulation of the sinus, the heart assumes a new 
rhythm, which may be twice as rapid as it was originally, and 
though omission of the alternate beat may still be produced by 
stimulation at the time already indicated, the organ returns 
again to its accelerated pace. In time, if stimulation be with- 
held, the rhythm returns f^ain to the normal. The auricle 
shares in the ventricular excitement (Fig. 176). 


Fia. 176. 
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The Effect 03| Cold on the Frog’s Heart. 

« 

In these experiments the animal was pfaced npon a wire 
gaii^e grating, and covered with a small bell-jar. Underneath 
the grating and around the bell-jar was placed ice, so as to 
surround the frog, which was kept in this position for an fiour 
or longer. When its movements had become slow and torpid it 
was killed, without loss of blood, and placed on the cardiograph, 
already described, the temperature in the vicinity being kept 
low by means of blocks of io« placed on the metal bars suig- 
porting the animal. The apparatus was employed in the same 
manner as in our observations on the effect of electrical stimuli 
on the normal heart, and the same order was obseiTfidjin record- 
ing the results. 


Effects of Electrical Stimiiation of the Ventricle — Minimal 
Stimuli. 

The contraction of the chilled frog’s heart, as is well known, 
lasts for longer time than in the ordinary condition. When 
minimal stimuli are applied to the ventricle (Fig. 176) it is 
found that there is a distinct refractory period, extending from 
the beginning of systole up to the last third of the summit of 
the curve in tlie accompanying tracing, and peiaisting past the 
maximum of systole, « 


irio.m 



Stimulation of the Tentride (minimal). Opening etimulation onlj effeotive 


is, therefore, always longer than in the normal heart 
AfteSi’^e refractory period has passed, stimulation; causes 
reduplication of the ventricular beat The later on in the 
diastole that the stimulus falls the shorter is the latency. 
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Ventricular Stivitdatwn—^cueimal. 


Stimulaiion sometimes causes omission when applied at the 
Tery commencement of systole. All stimulation there^ter 
applied causes a reduplication of the ventricular systole, with a 
lat(4]cy tliat becomes shorter the later the stimufation is 
applied. If auricular reduplication occurs it is always sequen- 
tial to ventricular (Fig. 177, a). Stimulation at the maximum 
of systole may cause a blending with the reduplicated beat 
closely resembling one prolonged systole (Fig. 177, i). The 
iViduced beat is most perfect when stimulation falls, just as the 
abscissa is reached. Stimulation before the maximum of 
systole has longer latency than stimulation at the maximum. 


Fio. 177. 



Stimulation of (ho Tentriclo (maximal). 


Auricular Stimulaiion — Minimal. 

A refractory i)eriod is obviously present, but it is not of so 
great length as in the case of ventricular stimulation. It may 
be said to extend usually through the maximum of auricular 
systole (Fig. 178), and even up to near the maximum of ventri- 
cular systole ; occasionally it exists only just at its commence- 
ment. 

As regards the reduplication, we find that as in the ease of 
the normal heart, along latency prevails, because an induced 
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auricular systole must occur before the ventricle contracts 
again. But if (he stitiulatiou fall just at the time when the 


Fio. W8 



StimulAtion of Auricle (minimal). 


abscissa is reached, or rather Ijefore this point, a ventricidar 
contraction may exceptionally be produced with a short latency, 
and the auricular induced contmction succeeds it. * • 

^ Auricular Stimulation — Maximal. 

The same features are to Ije observed as in the last section, 
except that there is no refractory period (Fig. 179). 

Stimulation in all phases of the ventricular cycle usually 
causes a reduplicated auricular and ventricular beat. Should 
the stimulation fall before the ventricular maximum is attained, 
the auricular reduplication precedes the ventricular in the 
ordinary way, but should the stimulation fall after the ventri- 
cular maximum, the auricular reduplication is exceptionally 
synchronous with, or subsequent to, the ventricular; usually 
however, the induced ventricular beat precedes in ordinary 
rhythm the induced ventricular. 

Stimulation of tlie Venous Sinus — Minimal. 

A refractory period may be present on minimal stimulation, 
nearly up to the maximum of ventricular systole. Thereafter 
reduplication results. A strictly minimal stimulation may origin- 
ate a reduplication at any period of the beat having a long 
latency, that is to say, the ventricular reduplication is preceded 
b^&e auricular induced contraction (Fig. 180). Tims stimula- 
tion Applied just before the ventricular relaxation is completed, 
instead of having an instantaneous ventricular and auricular* 



Fie. 179. 


69!2 DtEcraicAt sTijrotAtioli cw Tint frog’s intAj^ 

response resulting from stimulation of auricle or yentride, has 
a long latency, wherein the auricle reduplicates. 'Die further 
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oH in the sjrstole the stimulation is applied, the shorter is the 
latent period, and the more perfect the reduplicated cpntraction. 

• Stimulation of tht Venom Sintis — Maanmal. 

Omission may be caused by stimulation applied at the ciom- 
mencement of systole, or reduplication may occur in all phases 
(Fig. 181). 

Beauplication has the longest latency at the commencement 
of systole, and there is true auricular precedence up to or 
beyond the maximum in this phase. In the decUne of systole, 
after the maximum is passed, and the abscissa has been nearly 
reached, there is occasionally reduplication with short latency, 
the auricular and ventricular contraction being synchfonous. 

^ Action of Heat on the Heart. 

In this series of experiments the pithed frog in which the 
brain and spinal cord had been destroyed, was laid upon a 
metal plate, the temperature of which was gradually raised by 
means of a flame beneath it. 

Ventricular Stimulation — Minimal. 

The refractory phase is generally wanting in the ventricular 
systole, but it may be present in exceptional cases, not unfre- 
quently in the some tracing in which stimulation most generally 
^ produces reduplication (Fig, 182). 

It may be noted that irregularity of response to stimulation 
is one of the characteristics of the heated condition. Stimula- 
tion usually causes reduplication. Should stimulation hdl at 
the commencement of ventricular systole, no effect is produced 
till the whole cycle of the systole has been passed through, when 
reduplication by a very perfect systole occurs. Latencies 
dinuhish in proportion as the stimulation occurs later in the 
systcfle of the heart Beduplication occurring in response to 
stimulation falling at the maximum is often demonstrated by a 
beat originating’ when the relaxation after systole is completed, 
and therefore distinct from the originsd beat: this is due to the 
fact that the curve of the heated heart is much shorter in 

2 a 
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duration, wd tbereforo the reduplication falls outside the systole 
durinjg which stiinulation occurs, th/ latency being actually 
shorter, however, than in the unheated heart. 

^ Vmiricular Stimulation — Maximal Stimuli,^ 

When stimuli of maximal intensity are applied to the ven- 
tricle of the heated heart, we notice (Fig. 183) : — 

(1) That there is no refractory period; (2) Stimuli*at the 
commencement of the ventricular systole may cause omission 
\)f the succeeding beat; (3) Eeduplication occurs at all phases, 
ahd has the same characteristics as in jninimal stimulation ; 

(4) Latencies follow the same rule as in minimal stimulation ; 

(5) The reduplicated beat is most perfect when stiinuliition 
falls— 

I. At the very commencement of systole, 

II. At its termination. 

The value of any beat and its reduplication, with the time 
intervening and of the succeeding pause, was about equal to 
two normal cardiac cycles. Occasionally a double reduplication, 
or a series of contractions, resulted from a single stimulation. 

Aurmilctr Stimulation — Mini'mal Stimuli. 

There is apparently no refractory period. All stimuli cause 
reduplication, and in all cases induced auricular systole pre- 
cedes an induced ventricular systole. This occurs even in 
advanced auricular diastole, when occasionally in the normal 
heart a simultaneous auricular and ventricular systole results. 

Auricular Stimulation — Maximal Stimuli. 

There is no refractory period. Stimulation just after the 
Ruricular maximum has been passed frequently causes an 
apparent omission of the following beat. 

Stimulation before the maximum of the ventricular systole 
caiisra an induced ventricular beat preceded by an auricular 
oonf^ction. , - 

After the maximum, stimulation usually has the same OfTect, 
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but occasioually causc| an instantanepus reduplieition. of both 
auricular and ventricular beats. v ' 

A reduplicated ventricular beat is of the character already 
described. 

Stimulation of the Venous Sinus — Minimal Stimuli. 


Thf venous sinus in its general absence of a refractory phase 
shows a resemblance to the ventricle, but it may manifest the 
same exception in exhibiting it. 

When this occasional refractory period is present it may exfet 
during active systole, and up to its maximum. It is excep- 
tionally present in cases which as a rule show «o^ refractory 
period. 

Stimulation falling before the maximum of systole (Fig. 184, 
a veiliricnlar tracing alone given) causes a reduplication wliich 


Fig. 184. 



Stimulation of Venous Sinus (minimal). 


is preceded by an auricular contraction, whilst stimulation fall- 
ing immediately after maximum of systole causes reduplication, 
which may be preceded by an auricular pulsation, or may 
occasion an induced systole, auricle and ventricle contracting at 
the same time. 

The most perfect reduplicated beat occurs when stimulation 
falls at the end of systole. 


Venous Sintis — Maximal Stimulation. 

Occasionally a stimulation of maximum strength falling at 
the commencement of the ventricular systole causes an appa- 
rent omission of the following pulsation ; but this result is not 
so frequent^; in the case of the normal heart. Usually a dis- 
tinct i^upilication occurs at whatever time in the cycle stima« 
latioii falls (Fig. 185). 


2 Q 2 
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The reduplication is atoll times, except in the last stage of 
systole, preceded hy an auricular contraction. 


Fio. ISP, 



Stimulation of Venous Sinus (maximal), 
o 

•The auricular induced contraction appears to follow stimula- 
tion more ranidly than in tho case of the normal heart. There- 
fore the induced ventricular contraction (Fig. 185, ventricular 
tracing alone given) which follows the auricular has a shorter 
latency than is normally the case. The heating process having 
been carried so far that a rapid cardiac rhythm with imperfect 
systole has resulted, it is often found that there is an indifference 
to stimulation in the so-called refractory period, or even in all 
phases of the cardiac cycle alternating witli the usual sen- 
sibility. 

On the Effect of Strychnia upon the Fkog’s Heart. 

The apparatus used in this series of experiments was identi- 
cal with that employed in the investigation of stimuli applied 
to the frog’s heart. The frog was killed by the brain being 
destroyed, and a small dose of strychnia was then introduced 
into the dorsal lymph sac. As soon as the effect of the drug 
upon the spinal cord was evidenced by distinct spasm, the 
heart was rapidly exposed, placed on the cardiograph, and 
stimulation applied. The same order will be observed as in the 
description of the experiments on tho normal heart. 

Simulation of the Ventricle — Minimal. 

On applying a minimal stimulus to the strychnia heart (Fig. 
186) we were struck, in the first instance, by the extreme length 
of the refractory period. Stimulation has usually no effect, hot 
only when applied before the maximum of the systole as in the 
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normal heart, but also in the maximum, and often far into 
relaxation. After the ^hase has passed the stage of rednplica- 

Fiq. 186. 


' \ 


Stimulation of Yentricle (submaximal). 

tion ensues. Reduplication is very complete; its latency 
becomes diminished as diastole advances. The reduplicated 
ventricular beat is succeeded by an auricular puMtipn. After 
the customary pause, the lieart resumes its wonted rhythm. It 
is rajely that stimulation falling at the commencement of 
ventricular sy.stole causes inhibition. If the auricle is un- 
stimulated and its rhythm is unaltered, there is short latency 
for the ventricular reduplication. If the auricle is stimulated 
and contracts before the ventricle, there is long latency, but the 
latter is rarely seen when a refractory phase is present. 

Ventricular Stimulation — Maximal Stimuli. 

In this case no refractory period exists. An inhibitory period 
exists occasionally, but with this exception, all stimulations pro- 
duce reduplication (Fig. 187). Should stimulation fall at the 
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SUmulotion of Ventricle (maximal). 


commencement of systole, the latency is long, ncaidy equal to 
the length of the beot ; and the reduplication is very complete. 
Stimulation at the maximum of systole has a latency of about 
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two-fifths of a second, and thereafter during the subsidence of 
the ventricle, the period of latency rsfpidly diminishes. The 
most perfect beat of reduplication is produced by stimulation 
at the commencement of systole, or after relaxation of pie 
ventricle. , 

Stimulation of the Auricle — Minhnal. 

It is but rarely that we see a refractory period whilst apply- 
ing minimal stimuli to the auricle. Usually, stimulation at all 
times causes a reduplicated beat, the auricular reduplication 
preceding that of the ventricle in the usual rhythm. On 
stinhilation, an auricular systole is produced, and not until this 
movement hae reached the usual point does the ventricle com- 
mence its systole (Fig. 188). 


Fig. 18 S. ♦ 



Stimulation of Auricle (minimal). 


Stimulaiion of the Auricle — Mojeinud. 

There is no refractory period. Occasionally the stimulus 
falling at the very commencement of the ventricular systole 
will cause inhibition or coincidence of the following beat. Or it 
may cause a reduplication with a latency of about one second 
(Fig 189). 

Fig. ISO. 



Stimulation of Auricle (maiimal), 
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The latencies are in:^ariably long when the auricle is so 
stimulated that its induced beat is a normal^ one and precedes 
the induced ventricular systole in its normal rhythm. 

Sl^mdation of the Ve7unis Sinus — Minimal Stimndi, ^ 

With minimal stimulation of the venous sinus there is no 
refractory period except occasionally for an instant at the maxi- 
mum auricular systole. Eeduplicatioii occurs at all phases of 
the ventricular systole. length of latency depends upon 
whether the stimulation induces an auricular contraction of 
not. If the auricular systole follows the stimulus, then the 
ventricular latency must be long (Fig. 190). 0 


Fro. 190. 



Stimulation of Teuous Sinus (minimal). 


It is longer if stimulation falls at the commencement of 
ventricular systole, because at that phase, until the auricle has 
contracted, no ventricular reduplication occurs. Occasionally, 
though rarely, and that after the maximum of ventricular con- 
traction, auricular reduplication follows, or is synchronous with 
the ventricular systole, and then latency is invariably short. 
Eeduplication with prolonged latency, probably from auricular 
reduplication, is well seen in the appended tracing (Fig. 191). 


Fio. 191 



Stimulation of Yenoua Sinus (minimal). 
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The stimulation at the end of relaxation in one case causes 
reduplication of the auricle, coinci^^ng with that of the 
ventricle. 

The tracing illustrates the rule that when the sinus is stllnu- 
lated no refractory period is observed as r^ards the ventricular 
reduplication. ' 

Vemvs Sinus — Mctjcvnutl * 

There is no insensitive period as far as regards the ventricle. 
Puring all phases of the systole stimulation causes a reduplica- 
tion of the ventricular beat (Fig. 192). Inliibition of the ventri- 
cular systoi^ has not been found in many of the hearts' 
examined,* though it occasionally occurs. 


Era. 192. 



Stimulation of Venoua Sinus (maximal). 


Should the exciting shock fall at such a time as to cause an 
instantaneous auricular systole, we find this systole is nearly 
synchronous with that of the ventricle, and that the latter has 
a short latency, but should the shock fall so that the auricle 
responds by a genuine contraction, the ventricular reduplication 
follows with a long latency. 

Inhibition of the ventricular with reduplication of the auri- 
cular beat may result occasionally from stimulation of the 
venous sinus. 

A. CooLBiD HbAet. 

The construction of a simple piece of apparatus has enabled 
ns to obtain curves much more striking than those which 
appeared in the foregoing paper, as they represent a far greater 
variation of temperature. 
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Instead of the gutta-percha support for the heart already 
described, a hollow coppSr pan of siniilar shape was, employed. 
It was provided with influx and efflux tubes, and insulated 
beltftv by a plate of ivory in which ran also the electrodes 
destined for the stimulation of the sinus. This was connected 
with the usual support passing over the body. Upon minfmal 
stimulation of the ventricle itself the succession of auricular and 
ventrifeular contraction is illustrated in the charts A 1 — 4 (Fig. 
193) here inser^. It is seen that the action of cold modifies 
considerably the relation between the ventricular contraction and 
the succeeding auricular beat. In A, we find a reduplicate'^ 
.ventricular beat succeeded by a normal auricular contraction. 

In Aj cooled through about 2°'5 C., the ventricle'rtjgponds to 
the same stimulation, and the way does not pass upward to the 
auricle; and in A,, in which the contraction and relaxation of 
the heart had become very slow from a further reduction of 2®, 
we find the auricular rhythm is regular in spite of ventricular 
reduplication. There is in Aj and A, an indication of aortic 
expansion ; it is to be noticed that after the reduplication in A, 
this is omitted. 


Auricular Stimulation, 

Many additional experiments upon cooled hearts have tended 
to show that it is very rarely that stimulation of considerable 
strength calls forth a ventricular beat, preceding or coexistent 
with the auricular. Usually at all phases of stimulation which 
causes reduplicationof the auricular beat, the ventricular succeeds 
in normal, relationship (B 1 and 2 Fig. 194). There is an excep- 
tion to this, however, which is frequently demonstrated ; this is 
that whilst the auricular beat is reduplicated the ventricular is 
not, but is succeeded by a long diastolic pause (B,), after which 
the auricle takes up its old rhythm. Still more rarely stimulation 
just before commencement of ventricular systole causes omission 
of both succeeding auricular and ventricular beats (B,). . 

The latency of reduplication varies considerably in minimal 
stimulation of the auricle, but this variation is not so much 
owing to loss of time in the auricular as in the ventricular 
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formal Heart traeing. Aa- Stimnlation of VentricJe of Heart eooled throngl]?^**5 C. 

timulation of Veumcle of the normid Heart. A 4 , Stimulation of Ventricle of Heart eooled through 4®G. 
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reduplication. Thus in C, (Fig. 195) stimulation at the end of 
auricular relaxation, ventricular latency is 1 "' 2 , in Cj stimulatiou 
halfway to ventricular maximum latency is 1 ", and in C 3 , when 
stimulatiou, is at ventricular maximum, the latency is foe the 
ventricle only 6 ". , 

“ • Fio. 195. 

Cf 



to Levers aa ia A. Auricular Stimulation (miniiual) o£ Cooled Heart. 


Oh the other hand, more powerful stimulation of the auride 
causes reduplications of the ventricle, which are at all times of 

Fio. 196. 

»!• 



LeT«es aa ill A. Aurioutw SUmolatioa (maximal) of Cooled Hoort. 









COOLED HEART-STIMULATION OF VENOUS SINUS, 605 

equal or of very slightly differing values. Thus in a heart much 
cooled (D 1 and 2 Fig. l96) we have towar^ the commence- 
ment of ventricular systole and towards the end of relaxation 

a latency for the induced ventricular beat of 1"‘2. 

» 

Venous Sinus, ’ * 

In the heart which has been moderately or slightly cooled, 
4 — 6‘'*C., the occurrence of ventricular reduplication without a 
precedent auricular reduplication is very rare, even when strong 
stimulation is employed. The refractory period occasionalljT 
observed may disappear after a few stimulations have been 
given, or it may persist. Furthermore, on cooling a heart which 
has at a certain temperature, Ej (Fig. 197), shown^a tefraetory 
period, we may find this converted into a period during which 
stimulation causes an omission of the following beat. Eg. 


Fm. 197. 
E,. 



}l<2* 





Loren ae in A, but no auricular tracing given. Stimulation of 
Yonotui Sinuo. Ej, before cooling j Ej, after cooling. 


^ diastolic pause is markedly influenced by 

teiodipuiathte, wher«ns it appears to be but slightly affec^ by 
variation in the instant of stimulation by which it is produced. 
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Gj Duration of contraction 1"‘4 

Length of pause from 
stimulation, ... 4" ’2 


ft 

... l"-9 

„ 6"-6 



... 2"'2 

» .. 6"0 

^4 « ft 


... 2"-4 

« .. y'2 


Qq was obtained from a heart cooled for a considerable time, 
and shows a remarkable prolongation of the systole and diastolic 
pause. 


G5 Duration of current Length of pause from ^ 

stimulation ... 10'' 

It will be seen in all these cases that there Jis a certain 
relationship between the length of the contraction and of the 
pause. 

Th^^reduplication of the ventricular beat varies in regard to the 
time of stimulation under minimal stimulation. Thus in H (Fig. 
199) when stimulation falls near the commencement of systole, 
auricular reduplication occurs in 1"*8 and ventricular reduplica- 
tion in 3"*2. But in the same heart a stimulation during a 
period of relaxation yielded an instantaneous auricular re- 
sponse, the ventricular reduplication occurring 1"'3 after 
stimulation. 

In the case of maximal stimulation, the usual result is an 
instantaneous auricular systole succeeded by a ventricular. 
The latter, therefore, has a latency equal to the auricular beat : 
this is seen in Ij, (Fig. 200), in both of which the latency is 
about 0^7'' ; but in I3 we have, on the other hand, no auricular 
reduplication for 1"*1. In both this instance and Hj stimulation 
occurred at the commencement of ventricular systole 
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Fia. 200. 


\ I.. 



Ij to Jj. liCvoM as Jii A. fitiimilation of Venous Sinus (maximal). 


I'lO. 201. 


J"!-.-. -r~i _ j— 1 .j“i n rn 


Time tracing* Elect ro-magnet recording seconds* Applicable to all tracings 
ill Appendix A. 


Appendix .!>. Heated Heart. 

In some eases, heating a frog’s heart throtigh 4°-6 C. may fail 
to obliterate entirely the period of resistance to stimulation. 
Heat, however, in the same experiment may be .shown to shorten 
the refractory period much, and to limit it to the very com- 
niencement of ventricular systole (in stimulation applied to the 
ventricle). Tire series of tracings given were taken from a large 
specimen of escuknta, which had been kept at a low 
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temperaturo for a considerable time before the experiment. The 
tracing (jbtained at room temperatuHfc (K^ Fig. 202) is therefore 
that of a cold heart, and the refractory period extends np to the 
commencement of relaxation after systole. After hot *water 
liad been run through the .support for 6', and the temperature 
raised about *2® C., we find diastole increased arid systole much 
shortened ; at the same time there is a refractory period as 
extensive as in the cold heart, that is to say, extendingi to the 
commencement of relaxation K,. 


Fro. 202. 
K,. 



Stimulation of Tentiiole (maximal stimulstionh 


Ki. Heart at room temperaturo, frog long kept hr cold room, 

Xf. Temperature raised 2^ 0. 

Kj. Taken later than Kj, during nkich time temperature tras raised l%Cf • 

X 4 . Twperature raised again 1 * C., 

S:». Temperature raised r 0., making about 6* C. altogether above 
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Fia. 203. 


r 1-- j'“i I — 1 r - L 1 1-.-. 


Drum of more rapid rotalion u.^ed in tracings given in Appendix B, The 
* electro-itiag;nefc murks seconds. . g 


In K 3 after heat had been applied 10', and the temperature 
raised another degree, stimulation at an earlier pliase produces 
reduplication. Heated still further, K^, there is reduplication 
at systolic maximum, and at everywhere except at the ver^ 
commencement of systole. After heating through about 5® 
still have a refractory period, whilst the curve has J(een reduced 
from 1"*4 to 0*4". In many cases, however, the same amount 
of heat may obliterate the refractory period completely. The 
heart jvidch yielded these curves passed into rigor without 
showing the abolition. In the heated heart, of which th(i ven- 
tricle is stimulated, we may find tliat the auricle does not in 
any way participate in the ventricular excitement, but con- 
tinues to beat in its usual rhythm. Thus when the heated 
heart yields a series of contractions in answ^er to a single stimu- 
lation — a result not unfrequently obtained — the axiricle does 
not reduplicate, but may give its systole in due place, whilst 
the ventricular contractions are still occurring. Not only is 
this indifference to ventricular action observed on the part of 
the aur ’lo, but the counterpart may be occasionally seen in the 
ventricle, failing to fullow the normal systole of the auricle L 
(Fig. 204). This is in part due to the fact that the auricle has 
only shared imperfectly in the heating. 


Fm.204. 

L. 



Stimulation of Yentricle (maximal). Heart heated about T* C. Time as in K. 
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There is thus a disturbance of both muscle-wave and nervouis 
impulse, produc^ by the heating which the auricles and 
ventricle have lieen exposed. This failure on the part of the 
ventricle occurs only after there has been a reduplication*of its 
beat, and does not often occur, so far as we havef seen, when 
stimuiatioh,'^applied to the auricle itself (M Fig. 205), originates 


Fio. 205. « 

M. 
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— 


< — . 


Stimulotiun of Auricle (maximal). Heart heated about 6°' C. 


a systole there, for tlien the ventricle follows in due course; 
we should theieforc regal’d the exhaustion of the ventricle aftts- 
its unusual activity as the cause of its quiescence after the 
normal auricular beat. Should stimulation be applied to tla; 
auricle during ventricular diastole, a reduplicated auricular 
beat .succeeded l>y a ventricular at once occurs. In all phases 
this natural secpicnce is maintained, though sometimes at the 
end of its systole the auricular reduplication may be O S". 
Whilst a long pause f(*llow.s this reduplication, it is very rarely 
that a stimulation of the auricle produces omission of the 
succeeding auricular and ventricular reduplication. 

In stimulating the venous sinus, however, omission of the 
following ventricular beat is fi’equently produced when the 
shock falls at the commencement of ventricular systole (Nj 
Fig. 206), hut we may find that there is an impulse propagated 
to the auricle, for tliis may reduplicate whilst the veuti'icle 
remains quiescent (Nj). 

A little later, and up to the maximum of systole, the auricular 
reduplication is succeeded hy a ventricular (N^), aad'^ter the 
maximum, and during the diastole of the ventricle, the induced 
auricular beat may occur synchronously with the ventricularj or 
it may premie it in regular course. ’• 

Both of the charts Nj and Nj, (Fig. 206) are token from a 
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heart warmed through about 5° C., and N, gives a tracing of the 
same, in which stimulatioi) does not occur. 


Fio. 206. 
N,. 



Stimulation of Yenoua Sinus (maximal). 


In the stronger tendency to cause omission of a ventricular 
beat, as well as in t!ie frequent occurrence of an auricular 
contraction coincident with or succeeding the ventricular, when 
stimulation fails after ventricular maximum or in diastole, we 
see a marked contrast in the reaction of the venous sinus and 
the auricle to stimulation. 

From the charts Oj, 0,,, O 3 (Fig. 207) we see that the latency 
of the auricular beat varies. Thus stimulation occurring just at 
the end of auricular relaxation (Oj) causes an instantaneous 
reduplication, whilst during diastole proper it has a reduplication, 
with a latency of 0*2". In the former case auricular induced 
systole precedes the ventricular, in the latter they occur at the 
same moment ( 0 ,, 0 ,). 

Contrast result Witli the stimulation of the auricle itselx. 
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in v^hich reduplication occurs at once on stimulation, and ven- 
tricular reduplication succeeds or occuil occasionally (stimulation 
at the end of auricular relaxation) in 0’5", followed by ventricle. 




Stimulation of Yeuous Sinus (maximal). 


Appendix C. Action of Strychnia on the Frog’s Heart. 

In order to test the correctness of the conclusion that 
strychnia lengthens the refractory period, we placed frogs in 
which the medulla and cord only existed on the cardiograph. 
The effects of stimulation were then observed, and sulisequently 
a small dose of strychnia was injected into the dorsal lymph 
sac ; as soon as the resnlting spasm was well developed, stimu- 
lation was again applied, the strength of stimulation and the 
position of the electrodes remaining constant. 

Thus in Fig. 208 a fret’s heart, in which active circulation 
was present, showed a refractory period through about one-half of 
the maximal maintenance of systole. In 3', after the injection 
of a small dose of strychnia into the dorsal lymph sac, distinct 
spasm was present, and in 5' Fig. Pj was taken, which showed 
that the refractory period had become prolonged, until relaxa- 
tion of the ventricle had commenced. 

It may happen that stronger stimulation before the maxinium 
of systole is reached, causes an auricular beat, which precedes 
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in normal rhythm the induced ventricular contraction. Tliia is 
observed when the electr^es are placed neo^ the bqse of the 


Fro. 208. 

P|. 



* stimulation of Ventricle. 

1. Before injection of strychnia. 2. After injection of strychnia. 


Ftfi. 209. 



Time-marker, recording secondn. All tracings in Appendix 0 taken at this 
speed, except S and T. 

ventricle, or when stimulation is passed through the same 
portion of the heart from the float to an electrode placed 
beneath the heart upon the supporting shelf. After the maxi- 
mum of systole, however, the auricular contraction succeeds the 
induced ventricular. Both these facts are demonstrated in 
Fig. 210 Q, in which this occasional increased auricular 
exci^bility is shown. 

Auricular Stimulaiion, 

Occasionally maximal stimulation applied to the auricle pro- 
duces at all times an auricular contraction succeeded by a 
ventricular; more usually, however, this relationship exists 
only up to the maximum of systole (ventricular), and thereafter 
the induced auricular beat succeeds the ventricular. 
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Should stimulation 'Cause an instaJitaneous auricular systole, 
then the ventricular reduplication ha|| a latency otw equal 
value at 511 tiniefe at which it may occur* but should there be, 
as in Fig. 211 E,, a consideiublo auriculay latency (about 1") 
then the ventricular latency is liable to great variations. 
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At the maximum of artriouIaF sysfole, Fig. 211 K,, we have an 
immediate auricular r®5p|nsei and a veutrifeular latency of 0-4'' ; 
and in Fig. 211 (!>;,) there is an almost instantfineous fen tricular 
systole, with an auricular latency of about 15". The diastolic 
pause is ^he longer the later stimulation falls. In Fig. 211 Ih 
it is 0't>" ; in Fig. 211 It, it is l"-9 ; in Fig. 211 ilg it is 2'<-.i. 

Stimulation falling just after maximum of auricular sy stole, 
and at the commencement of ventricular systole, may. cause in 
addition to the results enumerated, omission of the succeeding 
auricular and ventricidar contractions, or reduplication of the 

auricular, but omission of the succeeding ventricular (Fig. 212 S’). 

» 

Fio. 212. 



StiiDulatiou of Auricle (uiaxiiual). Levers as in Fig. Q« 

Thus the induced auricular contraction in this instance, 
instead of passing a motor impulse downwards to the ventricle, 
appears not only to check the reduplication, but greatly to 
prolong the diastole. 

It is easily recognised from the auricular tracing that the 
inducerl contraction is one of the unfilled cavities (Fig. 212 S), 
but though little or no blood passes into the ventricle, a positive 
effect upon the latter is still produced. 

Vmmis Sinus. 

As regards the relationship of the auricular reduplication to 
the time of stimulation, we find the latency of the auricle occa- 
siei^lly varying in length, but usually it has very nearly equal 
Vl^iues, except when the slxock, falling during ventricular re- 
laxation, calls forth a simultaneous auricular and ventricular 
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contraction, and in this case latency 
is reduced. # It is to be noted that 
this induced auricular contraction 
does not cause another induced ven- 
tricular systole: its further: effects 
seem to be lost or dissipated. 

At two points in chart T (Fig. 
213), ventricular systole bein^ ad- 
vanced half-way and 0*6 of the way to 
its maximum, the auricular latency 
is equal, and when at the end of ven- 
tricular relaxation the auricle con- 
tracts at the same time as the 
ventricle, the latency is still about 
the same. The time lost, therefore, 
in this case is in ventricular redupli- 
cation : either the impulse from the 
auricle is transmitted at different 
speeds at different times, or it meets 
at different times with variation in 
the excitability of the ventricle. 
The later in the systole the stimu- 
lation falls the less is the resistance 
to the transmission of the impulse 
or the greater the excitability of the 
ventricle. 

The whole subject of the rhyth- 
mical contraction of the frog’s heart 
and its stimulation and inhibition 
is a very complex and difficult ona 
The points upon which our present 
research seems to us to throw some 
light are the nature and mode of 
transmission of the stimuli which 
one cavity transmits to another in 
the ordinary process of rhythmical 
contraction. Marey^s researches have 
shown that iii the ventricle itself 
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there is a time when stimulation applied to it has no apparent 
action j this time is, hovepver, in many cases of very short dura- 
tion and limited to the commencement of ventricular systole. At 
th^ commencement of ventricular systole stimulation without 
provoking contraction causes often a positive effect, namely, a 
greatly prolonged diastolic pause, which we havd been indined 
to regard as due to omission of a ventricular contraction. 

It%eemed of interest to ascertain whether a similar condition 
occurred in the other cavities of the frog’s heart We find that 
in the auricular stimulation about or shortly after the period of 
maximum contraction of the auricle may cause inhibition*bf 
the next auricular beat , 

We have not yet succeeded in registering the (iont^'actions of 
the venous sinus with sufficient accuracy to enable us positively 
to determine the occurrence of a similar refractory period in the 
venous sinus itself, but the results we have obtained lead us to 
hope that we shall soon be able to do so. 

Another interesting consideration is, whether the stimulus 
which each cavity of the heart transmits to the succeeding one, 
consists in the propagation of an actual muscular wave, or in 
the propagation of an impulse along the nerves. The observa- 
tions of Gaskell have given very great importance to the 
muscular wave occurring in each cavity of the heart of cold- 
blooded animals as a stimulus to the contraction of the next 
succeeding cavity. Our observations appear to us to show that 
while this is an important factor, it is not the only one in the 
transmission of stimuli. We have observed that stimulation of 
the auricle rarely or never causes contraction of the ventricle 
unless the auricle also contracts. When stimulation of the 
auricle causes both itself and the ventricle to contract, the 
auricular contraction precede.s the ventricular one in such a 
way that we might be justified in regarding the ventricular 
contraction as due to the propagation of the contractile wave 
from the auricle to the ventricle. It would also appear 
that a contractile wave may be propagated backwards, for on 
stimulation of the ventricle we have observed the contraction 
of the ventricle produced by stimulation has been succeeded by 
an auricular contraction such as might be supposed to be due 
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to propagation of the contractile ■wave back from the ventricle 
to the auricle. While these observati^s appear to show that 
the propagfftion of the contractile wave from one cavity of the 
heart to another is of importance in keeping up the rhythmi^l 
* sequence, we consider that stimuli are also propagated from 
one (iiamber of the heart to another through nervous chan- 
nels: — thus we find that irritation of the venous sinus will 
sometimes produce simultaneous contractions of the auriclq^and 
ventricle instead of the ventricular beat succeeding the auricu- 
lar in the usual way. This we think is hardly consistent with 
thff hypothesis that a stimulus consists of the propagation of a 
muscular wave only from the auricle to the ventricle. 

As addition^ evidence we may notice the occurrence of an 
atiricular beat followed by absence or inhibition of a ventricu- 
lar beat as the result of stimulation of the auricle, or venous 
sinus. Moreover, vre have noticed in the heated heart* the 
occurrence of groups of regular l)eats in the ventricle in con- 
sequence of a single stimulation applied to it, while the auricle 
has continued to beat with its ordinary unaltered rhythm un- 
disturbed by the ventricular excitement. 

It is not however our purpose to do more in this paper than 
state the results we have hitherto obtained, and we shall there- 
fore reserve for a future communication the consideration of 
this and some other questions of importance closely allied 
tait. 

Another question is the nature of the inhibitory influence 
exerted by one cavity of the heart upon another. Marey had 
shown that stimulation of the ventricle during a great part of 
the refr^^tory period exercises an inhibitory Instead of a motor 
action upon the ventricle itself. It might be supposed then 
that a stimulus of either kind, whether proceeding from the 
auricle in the form of a contractile wave, or a nervous impulse, 
might produce inhibition of the ventricle, provided the stimulus 
reached it during that part of the refractory p^od in which 
stimulatioh usually causes inhibition.. From plrr' observations 
it seems that the inhibition of the ventricle wMch may follow 
stimulation of the auricle iS; uot due to the muscular wave 
propagated from the Ruiicle and striking the ventricle during the 
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refractory period. In Fig. 172, p. 585, we notice that the 
auricular contraction siwceeded by ventricular inhibition occurs 
after the refractory jjeriod of the ventricle lias passed ; we must, 
therefore, look upon the inhibition as due to the propagation of 
a nervous impulse from one caAdty to another. In the auricle * 
we find that stimulation may produce inhibitioh of the {ftiricu- 
lar and ventricular beats, or of the ventricular beats alone. 
We* may, therefore, suppose that the stimulus applied to the 
auricle acts upon two different nervous mechanisms; seeing 
that it is enabled to inhibit the ventricular beats without affect- 
ing the aui ieular ones, we are unable to say precisely what^the 
effect of a single stimulus applied to the vcngns sinus is upon 
the sinus itself, but here we note that the same, I’esult will 
follow stimulation of tlie sinus, as of the auricle, viz., inhibition 
of the ventricular without inhibition of the auricular beat, or 
inhibition of lx»th together. 

As has been already pointed out by Professor Hlarey, the 
refractory period is increased when the heart is artificially^ 
cooled. Wo have also found that there is a prolongation of the 
time during which stimulation causes an inhibition or omission 
of tlie following systole. 

It is very seldom that stimulation of the auricles or of the 
venous sinus causes a ventricular contraction without auricular 
systole preceding it in the ordinary rliythra. In this respect 
the action of the heart offers a contrast to the normal. Though 
the muscular wave started in the auricle is usually succeeded 
by a ventricular contraction, it may occasionally be succeeded 
by a ventricular inhibition, or auricular stimulatioii may be 
followed by inhibition of both auricle and ventricle. 

The propagation of the wave in an upward diroction, viz., 
from ventricle to auricle, is not so regular as in tlie normal 
heart, the time elapsing, when it does occur between the ven- 
tricular anff auricular systole, bearing a relationship to the 
degree of cold produced. Wliilst the ventricle is reduplicating 
in response to direct stimulation, the auricle may inaintaiu its 
regular rhytlm Stimulation of the venous sinus almost in- 
variably gives ^ auricular contraction ft all times preceding 
the ventricular. It has been already fhcwu that in the ease of 
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the iiomal heart stimtilation in advanced diastole frequently 
causes a spontaneous auricular and vefttricular contraction, or a 
ventriculaf beat pTeceding the auricular. 

In the heated heart we have noticed, in addition to the ex- 
cessive diminution or abolition of the refractory periqd in the 
ventiicle alresuly observed by Marey.that usually the refractory 
period in the auricle entirely disappears. A single stimulation 
of the ventricle sometimes gives rise to a series of contractions 
with incomplete relaxation intervening. After this has occurred, 
or after a simple reduplication has been caused, it often happens 
tltat the auricular beat occurring in normal sequence is not 
followed by ventricular, which seems to show a temporary state 
of exhau8tioi\ of the ventricle. In the heated heart the dura- 
tion of a systole is so short that two beats immediately succeed- 
ing one another may be perfectly distinct, while, in the normal 
heart, the second one would have fallen within the time (ft the 
systole of the first, so that it could only have appeared, if it 
were possible at all, as an increase cither of the height or length 
of the first systole. Inhibition occurs in the heated heart as 
well as in the normal, which is most frequently observed upon 
stimulation of the venous sinus, and it is frequently at this time 
associated with a reduplicated auricular contraction. The effect 
of strychnia is to prolong the refractory period of the ventricle. 
Stimulation of the ventricle is frequently succeeded by con- 
traction of the auricle. There is an increased tendency for 
stimulation of the ventricle to induce a beat of the auricle 
pi-eceding the ventricular systole. There is less tendency for 
the stimulation of the venous sinus or auricle to induce a beat 
of the ventricle succeeded by one of the auricle ; and, indeed, 
this only occurs when the stimulus falls just at the end of the 
ventricular systole, i.c., when the ventricle itself is most sensi- 
tive. These facts seem to indicate that the nervous channels 
are more active in transmitting stimuli, both downwards from 
the venous sinus to the auricle and ventricle, and from the 
ventricle back to the auricle. 

In its effect ^upon the refractory period, and in the tendency it 
produces 'to maintain the regular rhythm, the action of strychnia 
a^:^ with that of cold, os shown in the present series of 
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experiments ; but, as we have already shown in a former paper, ♦ 
its effect in causing tlie jyentricle when arrested by a ligature 
applied around tlie junction of the venous sinhs with the auricles 
ta«recommence pulsation resembles that of heat. 

There^are many other points on which we think that a fuller 
consideration of our experiments will throw light, but to? take 
them up at present would involve too lengthy a discussion of 
doubtful points in the physiology of the frog’s heart, and so 
we must reserve them for a future time. 




^ iSt, HaMulomew's ilQSji. Jiejporls, vol. sltI, p. 229. 
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*■ In conjunction with THEODORE CASH, M.D. 

(Reprinted from the Journal of Anatomy and Physiology^ voL xtu, I 8S|pl883.) 

Closure of the glottis plays a most important part in all expul- 
sive acts, such as coughing, sneezing, vomiting, or defiecation 
fh in those muscular actions where it is necessary to have the 
tlmrax fixed, in order to enable the muscles attached to it to act 
with greater, advantage or greater precision. On looking at the 
‘liuman larynx, it not unfrequently happens that the mere act 
of introducing tlie mirror into the fauces excites movements of 
retching. The appearance which tlie larynx then presents, is 
that of a somewhat circular or slightly elliptical opening com- 
pletely tilled by three bulging segments, strongly reminding one 
of the appearance of the aortic valves, as seen from below in an 
injected aorta. On consulting several text-books on physiology 
we find that the mode of closure of the glottis is treated in a 
very cursory way. In the wonderfully complete physiology of 
Haller we can find no definite information, nor is there any in 
Todd’s Cydopadia of Anatomy and Physioloyy. In Miiller’a 
PhysioUyy, translated by Dr. Baly, 2nd edition,* we find the 
statement that in holding the breath the air tubes are cut off 
from the mouth and nostrils by approximating the posterior 
palatine arches, and pressing the root of the tongue against the 
• palate. In Carpenter’s Physicloffy, 9th edition, and in Foster’s 
Physiology, 3rd edition, we have also failed to find a definite 
account of the mechanism of the closure of the glottis. In 
Czeiinak’s Treatise on the Laryngoscope, \ he states that during 
closure of the glottis he has observed that — 

“ (I) The arytenoid cartilages intimately meet at their in- 
;i ;|*irnal Surfaces and processes, and they bring the edges of the 
cords, in contact ; (2) the sujierior vocal cords approach 

’•VVol.i.p.seo. 

t New Sjdenham Society publications, toL xi, 1861. 
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the inferior vocal cords, so as to obliterate the ventricles of 
Moi’gagni, at the same tirye they hlso meet in the median line ; 
(o) the epiglottis being lowered, and its cu.shJbn becohiing njore 
prominent still, it presses against the closed glottis ; tlie contaet 
takes place from before backwards. These three-fold occur- 
rences in the hermetic closure of the larynx explain the rtJsist- 
.aiice wliich the glottis successfully opposes to the pressure of 
the air, without a devolopnient of much force during the (?ffort.” 

Uzermak also gives an accurate ])ictui*e of the appearance of 
the glottis when completely closed during cllbrt, though a still 
better one is given by Griitzner in lleriiiann s Ilandb i h der Pkf/s, 
(Band 1, Theil 2, page 59). In G-riitzner’s picture (Fig. 214) 



Fig. 214. — Glottis closed by the approximation of the false vocal cords (/. jp.) 

after Grutzner. 


the rounded and bulging nature of the protuberances formed by 
the false vocal cords is very e\ddciit, and suggestive of inflation 
from below. Grutzner, however, only remarks that the false 
vocal cords, or ventricular bands, are often approximateil, and 
the cushion of the epiglottis depressed upon tlunn, whereby a 
very firm closure is produced. In an inaugural tlicsis i>resented 
to the Edinburgli University by Dr. Wyllie in 18G5, the author 
discussed the mode of closure of the glottis very fully, and 
illustrated it by very numerous eyperimcnts. These showed 


very clearly, indeed, what an important part is })laycd iii the 
closure of the glottis during expiration by the false vocal cords, 
and that, indeed, it is chiefly if not entire y through them that 
the closure is usually accomplished. Tlieso experiments were 
published in the Edinburgh Medical Jonfnal, September, 1866^ 
but as they are not referred to in many standard text-books^*#'. 

* We must except Turner** introduction to Human Anatomy ym which 
experiments are referred tOb 

2 S 
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would appear that tliey have not received the attention they 
deserve. Wyllie pcnnts out that C/errnak was probably de- 
ceived in' regard to the second factor in the closure of the 
glottis. 

Czennak thought that the superior vocal cords approach the 
inferifU’, so as ’to obliterate the ventricles of Morgagni, at the 
siinie time that tliey also meet iu the luedian line. 

As Wyllie points out, and as reference to the acconipa^Jiying 
Fig. 21 5 'will sliow, it is irnpo.s.sible to say anything witli certainty 
regarding the (‘onditiou of the entrance to tlie ventricles of 



Fig. 216.— Anterior half of a transverse Tertioal section through the larynx 
near its middle. (From Allen Thomson in Quain's Anatomy,) I, Upper 
division of the laryngeal cavity ; 2, contra! portion ; 
tinned into 4, part of the trachea ; e, the free part of the epiglottis ; €\ its 
cushion; A, the divided great oomua of the hyoid bone; Af, thyro-hyoid 
membrane ; cut surface of the divided thjroid cartilage ; c, that of the 
ericoid cartilage ; r, first ring of the trachea; fa, thy ro^irytenoid muscle ; 
' rf, thyro«aryte^ ligament in the true vocal cord covered by mucous 
membrane at the rima glottidis; s, the ventricle, above this the superior 
or false cords ; / the sacculus or pouch opened on the right side. 
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Morgagni when the glottis is closed, inasmuch as these are 
simply oblong orifices i'l the lateral walls of the larynx, and 
the false vocal cords completely hide theni from view when 
thfty are approximated. Wyllio points out that an anatomical 
misconcsption prevails regarding the nature of the vocal cords, 
many considering them as the free edges of menibranes which 
are flattened above and below. They are, however, really 
wedfe-shaped projections from the sides of the larynx, the apex 
of the wedge being directed downwards and attached to the 
laryngeal wall, its upper flat surface forming the floor of the 
ventricle of Morgagni, and its projecting edge forming the tjcne 
vocal cord. 

Their shape is as badly adapted as we can pwsiHy imaging 
for retaining air in the thorax, though very well adapted for 
preventing air from entering it. Wyllie^ exijeriments showed 
that Tby no adjustment could the true vocal cords complehdy 
prevent the exit of air, but that when they were simply 
approximated, not even being pressed together, they completely 
prevented its entrance. With the false vocal cords the case 
was just the reverse ; they present no obstacle whatever to the 
entrance of air, but when they are approximated they com- 
pletely obstruct its exit from the lungs, and the air getting 
behind them into the ventricles of Morgagni, inflates them, and 
thus the gi’eater the pressure behind them is, the more perfect is 
their apposition. 

Our own investigations completely confirm those of Dr. Wyllie. 
He extends his experiments to the production of voice, we have 
restricted ourselves to the simple mechanism of the closure of 
the larynx during effort ; but instead of confining our observa- 
tions to the human larynx, we have made comparative observa- 
tions on the larynges of some animals. 

Before entering into those in detail, it may be advisable to 
say a few words regarding the comparative anatomy of the 
larynx. 

A ^od anatomical classification of laryngeal variations is the 
following, proposed by Milne-Edwards* : — 

* Kilne-XIdward*, L$^on* t»r la £igriologie et I’anatomt* eomparte , d* 
Vhommt et dee Animatw. 


2 s 2 
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I. The aglottic type, in wliich the laryngeal cavity is not 
separated into two spaces by well-marked vocal cords. 

II. The simple 'glottic typo, in which there are well-marked 
vocal cords, but in which no false cords nor ventricles 4ro 
present, 

lit The composite type, in which the upper or anterior 
portion of the larynx is furnished with a second pair of cords — 
commonly termed false or superior cords — and which are Sepa- 
rated from the true cords by a distinct ventricle. 

IV. The cavernous type, in which the cavity of the larynx is 
in communication with a sinus possessing accessory pouches, of 
which the mouths are situated in the ventricles of the larynx, 
^r in other parts of tins organ. 

In following this classification, the animals whose larynges 
determine their serial position will be mentioned indiscrimi- 
nately, and peculiarities of the glottis briefly expressed, r^hilst 
reference to the author who is responsible for the statement 
will be made in a footnote. 

Cla&H 1 . — In the piscifomi mammals, where the larynx has not 
the function of a vocal instniment, but only that of insuring 
continuity of respiratory work during deglutition, and main- 
taining free communication between the trachea and nasal cavi- 
ties. This form of organisation is found in the Cetaceans. 

The Dugoug has no ventricle. 

In the Dolpliiu* the glottis opens into the posterior nares, 
and has a pyramidal form. It is patent only at its summit, 
and leaves at either side a passage for .food. The pyramidal 
elevation is fonned by the arytenoids and the epiglottis. Prob- 
ably in these, and in the Cetaceans generally, there is no voice, 
as no true means for its production are present. 

MarsupuUia . — In the Kangaroof there is no false cord, no 
ventricle, and only the faintest indication of true cords. The 
arytenoids are capable of considerable elevation, and permit the 
passage of air through a lai^e gap between their inner surfaces. 

The Kangaroo has a cavernous sinus. 

It is probable that the Kangaroo is mute. 

The foetal Hippopotamus has no cords but a simple long!- 
• Ciwicr, p. 797. t Milne-Edwwrds, p. MZ. 
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tudinal elevation, formed by the anterior extremity of the 
arytenoid*. ^ 

Class II is a very large one, and embracJes maulmals from 
ve^ widely differing orders. 

The Hedgehogt belongs also to this class. 

In the Elephant^ the aiytenoids do not touch* by their Inner 
surfaces, and the true cords are placed obliquely. The false 
cord# are indicated in position by a faint projection of the 
mucous membi’ane, and the ventricles are only formed by an 
excavation of the upper surfaces of the true cords. At the 
anterior commissure there is a transverse fold. * 

In the lluiTiinants§ the arytenoids liave, besides their articular 
facette, a superior angle which is curved forwai^ls, #nd an in- 
ferior to which the vocal cords are attached. 

The inferior margin of these cords is obtuse and continuous 
with'^the rest of the inUirnal lining membrane, tlio superior 
maigin is more or less free and trenchant — it is much more so 
in tlie Deer than in tlio Gazelles, and it is very indistinct in 
the case of the Oow and Slieep. The internal fauces of the 
arytenoids to\ich, and air could only i)ass between the anterior 
margins and the epiglottis. This passage is more or less narrow 
according to the species. There is no superior ligament and 
no vcntiicle proi>erly so called, neither does any cuneiform 
cartilage exist. 

Sometimes, as in the Antilope g'iUtuTosa}\ llie thyroid is 
liulged outwards in the neighbourhood of the attachments of 
tlie vocal cords. 

In Hares and Eabbits timid us et cunieidus) there is an 

intermediary form, as the false cords are wanting, but the 
ventricle exists. In the Lepus timidus, however, Wolff denies 
the existence of a ventricle.lf 

In the liein-Deer'^* there is a large subepiglottal sac, but this 
is not found in the Deer. 

The Sloth {Bradypus iridactylus) has a peculiar form of vocal 

* Cuvier, p. 791. t Milno-Edwarda, p. 442. 

t Op. p. 442. § Cuvier, p. 795. 

II Cuvier, p. 795. IT Wolff, Disaertatio Anatomica, p. 19. 

Milne-Edwards, p. 442. 
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cord.^ ' true cord recurves at its free margin in such a 
luahner that with its fellow it could^ exert a valvular action 
which would seem* to be sufficient to prevent the exit of air, 
and in the expiratory movement it vibrates with the impitlse 
of the passing air. Cuvier* has shown that there i^ neitlier 
vehtficle nor ‘false cord to be found in the glottis of the 
Bradypus. 

Class III . — Man and the greater part of Ungulate manitoals 
are to be referred to this class, though others have the caver- 
nous glottis which is embraced in the fourth and final division. 

‘Here the vocfil cords are not only well developed and possess 
a free border more or less fine, while each is capable of 
advanciugfto vieet its fellow of the opposite side in the median 
fine, but there exists above the true cords a second pair of 
analogous folds, less adapted to phonation, and between the-se 
projections one recognises a fossa, bilocular but not comifiuni- 
cating with a sac or cavern. This structui-e is found in the 
Carnivora for the greater part, but this group has many varia- 
tions amongst its members. In the Dogf (Cams doniestitnis) the 
larynx is very large. The true cords are well developed and 
broad. They are capable of being bulged to a considerable 
extent wlien air distends the ventricles, wliich are very deep, 
ami ascend a considerable distance along the inner surface of 
the thyroid. The false cords are neither strong nor prominent. 
Wolfit testifies to the strength of the cords of this animal, and 
mentions that tlie ventricle is deeper at its extremities than in 
its middle part. Canis lupus.^ — The ventricles of Morgagni 
are large and deep. In the different species of the Genus Felis 
the false cords are very prominent and well detached from the 
walls of the laryn.x. They are attached directly to the aryte- 
noids, and at their point of juncture, under the epiglottis, they 
form a small vault-like attachment. In the Lion|| the true 
cords are neither so free nor their borders so trenchant as in 
the Dog ; they are, in fact, thick, and but slightly prominent. 
The superior part of the larynx is dilated. There is no 

• Ibid., p. 790. t Milne-EdwMd», p. 446. 

X Wolff, IHisertatio Anatomioa, p. 10. § Of. cit., p. 10. 

II Milno.EdyrardB, p. 44S. 
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ventricle according to Wolff.* In the Oat {Felk calm) tlie 
laiynx is small, and guarded by a long upper and pointed epi- 
glottis. Anteriorly, the raise cords are widwly separated ; they 
ai* in structure very fine, instead of being thick as in the Lion , 
the tru^ cords touch at their anterior extremities. There are 
no cartilages of Santorinlt • * 

In the Tiger the arytenoids £ire much raised. 

I» the Hyaenat (Hyccna sPriuta) the superior ligaments are 
scarcely visible, and there is but a faintly-marked ventricle. 

Plantigrada . — In the Bear§ both pahs of cords are so arranged 
as to raise themselves nearly to the same level by their Jtec 
edges, and to direct towards the epiglottis the slit which fdl-ms 
the entrance to the ventricles. ^ ^ 

Cuvierll says : — The posterior ligaments or true cords, which 
are thick but very distinct, and wliich are attached to the 
arylfinoids, rise between the two anterior ligaments, which are 
attaclied to the cuneiforms in such a manner that the four liga- 
ments are upon the same level, and that the ventricles of the 
glottis are simply two deep slits, open no longer towaiids the 
laryngeal cavity but facing the epiglottis. They bend inwards 
very little between the epiglottis and tlie thyroid. The liga- 
ments — or rather the external anterior— are little separated 
from the epiglottis. 

WolffH also adopts the terms external and internal for the 
ligaments of the larynx as being topographically correct. He 
mentions that, whilst the external are inserted into the cunei- 
form cartilages, the internal are attached to the arytenoids. All 
four are inserted into the root of the epiglottis. (His examina- 
tion was made upon a specimen of UrsxLs arctos). 

The ventricle of the i/rstxs males he found large and very deep. 

The JEriiiacem Europmtis** has only small superior cords, 
though the ventricles are deep and saemilatcd. 

• DUseHatio Anatomica, p. 0. 
t WolfE, JDUsertaiio Anafomiaa, p* 8. 
j Ojp. cit.t p. 9, 

§ Milnc-Ed wards, p. 446, 

II AnaL Comp,^ Tom. riii, p. 787. 

Y l>issertatiQ Anatomica, 12. 

Op. cf7., p. 15, 
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The Coati* has a somewhat similar arrangement to the Bear, 
hot the Badgerf has ligaments of the u|nal position, the anterior 
with a shai4> margfti, the posterior, however, being obtuse. The 
ventricle is open and leads into a sac. The sound which this 
( animal emits is probably produced by the friction or inppaction 
whiclf the air suffers against the posterior border of the anterior 
cords and its division into these diverticula. 

The CivetJ has a glottis like that of the Cat. • 

It results from the structure of the larynx in the genus of 
the cat tribe, that it is chielly the anterior ligaments which 
mu'Sit perform the functions of vocal cords. Their union towards 
the epiglottis forming a little vault against which the air must 
strike witl^forye, favours this view.§ 

* Movements of the false cords only become apparent in great 
expiration and inspiration. In phonation they do not advance 
in the manner of a platform above the true cords, but they 
depress and apply themselves on the basal portion of these so 
as almost entirely to efface the entry of the ventricle of the 
* larynx, ami to limit the vibrations of the true cords to a certain 
length. 11 As the voice rises, these membranous folds cover pro- 
gressively from without inwards the vocal cords.f 

Finnigrada . — The Seal** has an obtuse vocal cord which is 
but slightly free. The anterior ligament blends with the base 
of the epiglottis. The ventricle is superficial. 

The Marmot has a very sharp margin of the anterior l%a- 
ment, more so, in fact, than that of the posterior.ft 

ClajisIF may be regarded as containing animals which would 
belong to the third class, had they not some “ cavernous ” 
character .superadded, and also animals of a less perfect type. 

The Llama has false and true cords, a ventricle, and a 
common larynx, and therefore with the Camel (Camelaa hactri~ 
anm) forms an exception to the usual Kuniinant type. (The 
latter animal has a trachea 3 feet in length, but very narrow ; 
its larynx is small and its voice proportionately weak.)tt 

• Cuvier, p. 788. + Ibid, 

t Ibid. § IMd., p. 787, 

11 Milue.Edwards, p. 618. ^ Ibid., p. 626. 

•• Jiid., p, 788. ft Cuvier, p. 789. 

Divsertaiio Anatomicaf jp. 
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In Solipedes* the vocal cords are narrow and situated deeply. 
There are no false cordsy^and no ventricle properly speaking, 
J}ut a hole pierced in the lateral wall above the true “herds con- 
dudts into a large oblong sinus, hidden between the wall and 
the thyroid, and covered, to a great extent, by the thyro-aryU?- 
noid muscles, which should be able to compress it*. * 

This opening is large in the Horse, f but the cavity is not 
very fleep. ThereJ is also in this animal a triangular membrane 
situated in the angle of the thyroid. This easily vibrates as it 
rests upon the moving cords beneath it The commencement 
of the “ hinny ” is due to repeated shocks of e.xpired air uj)on 
this membrane. 

In the Ass§ two sacs are situated above the jitta^hment of 
the cords. A tendinous membrane is also present. There is a 
great deepening of the thyroid. 

Cuvier II considers the larynx of the Mule more allied to that 
of the mare, and speaks of Herrissant's observations as inaccu- 
rate, and as regai’ds tlie triangular membrane of the lior'se's and 
ass’s larynx, exaggerated. 

The Ehinocerosir has well-marked vocal cords and deep 
ventricles, before each of which is a nearly vertical opening, 
and it is at tlie bottom of this excavation that the anterior liga* 
inents are attaelujd. 

Ill the Pig** the true cords are free and sharp. The superior 
ligament is large and its margin rounded. The ventricle is 
shallow, and from this opens an oblong sinus which rises up 
between the riiucoiis membrane and the thyroid, and is the size 

of the end of the little finger. (It is to be observed 

that in many animals of this class, i.e,, quick runners, ft the two 
cartilages are arranged in such a manner as not to coaptate 
completely, and so allow a space to remain free between them 

• Cuvier, p. 793. 

t , P- 793. 

J Ilerrissant, Rceherche^ sur les Organs de la Yoix^ p. 282. 

§ Op. cU.y p. 2S5. 
ii Cuvier, p. 793. 
i op. cU.y p, 791. 

** Op. eU.j p. 791. 
tt Miliie-Edwards, p. 455. 
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when they are touching by their summits. It insults from this, 
that by ttio approximation of the tpue cords the glottis is not 
closed, add that* there remains always a passage for the air 
behind the membranous part. Mr. Mandl tliinks that this is 
peculiar to the species which run rapidly.) , 

I£i the Howling Ape* {Mycetcs) the hyoid is enormously de- 
veloped in the form of a bell to lodge the air sacs peculiar to 
this animal. There are also air sacs in the pharynx. * 

In l^iniia saJoaf at the root of the epiglottis, and above the 
ligaments, there is a transverse opening which leads to a meni- 
bfanous sac situated between the thyroid cartilage and the 
hyoid bone. In the walls of the sac the fibres are partly tendi- 
nous and*parj;.ly muscular. 

In Simia parniscoX there is a sac between the cricoid and 
trachea. The trachea has continuous rings in some Simians. 

If the view that the function of the false cords of ven- 
tricular bands is to close the glottis during clfort, and Ahus to 
fix the thorax, we should expect them to be very strongly 
developed in those animals whose habits render such fixation 
likely to be serviceable ; on the other hand, we should expect 
them to be absent in those animals where fixation of the thorax 
would bo of little or no service ; and this seems to be actually 
the case. 

In animals whose motions are chiefly those of running, we 
find the ventricular bamls aksent, or slightly develoi)ed. But 
in animals where the anterior extremities are used for striking, 
hugging, or climbing, the vocal cords are strongly developed. 
We might at first expect also, that in cases where the anterior 
extremities were employed for the purpose of prehension, we 
would also find the ventricular bands developed. But this is 
not always the case. 

When engaged in any very delicate work where the least 
oscillation of the hand might be injurious, we often hold our 
breath, but for ordinary prehensile actions we do not close the 
glottis, unless considerable effort is required at the same time. 
In marsupials such as the kangaroo, the anterior extremities 

* Op. etV., p. 448. t p. 1. 

t Wolff, p.l. 
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are used for holding food and conveying it to the mouth. We 
inight therefore expect tjiat. the false vocal cords would be 
strongly developed. But the fore limbs ard* small iiud weak, 
an<f very slight muscular effort is employed in the movements 
just meniioned. The fact tliat in these animals the ventricular 
bands are absent, is, therefore, very much what might have^jeen 
expected. In the solipedes they are also absent. In the pig 
they^are rounded; and there is a shallow ventricle in the 
hedgehog. They are present, but sm.'ill, in the llama, and in 
the camel they are fairly well marked. In the dog the true 
cords are well developed and broad ; the ventricular bands Jre 
not strong or prominent, but the ventricle of Morgagni is deep. 
In the wolf the ventricle is also deep and laige, J,)i the lion 
and tiger the ventricular bands are prominent and well detacherf 
from the walls of the larynx. In the cat they are not large ; 
and iliey are very fine instead of being tliick as in the lion. In 
the thwee-toed sloth they are well developed. In the beai’, in 
which the closure of the glottis would require to be specially 
strong, from its habit of climbing trees and destroying its 
enemies by hugging, the arrangement of the ventricular hands 
is very remarkable ; the vocal cords are cajtable of being raised 
until they and the ventricular bands are nearly at the sanm 
IcA^el, and the opening between them is directed towards the 
epiglottis from which the false cords are but little separated. 
During the closure of the glottis the cushion of tlie epiglottis 
will, therefore, to a considerable e.xtent, be directed against the 
opening of the ventricles, and the glottis will, wo should think, 
he closed with very groat firmness. 

We have, however, not seen any specimen of the larynx of 
the bear, and these considerations are drawn only from the 
description which we have read. 

In the howling monkey the ventricular bands are well 
developed. 

Our own experiments were made upon the fresh larynx of 
the sheep, of the dog, of the cat, of the ape, and of man. 

The experiments were made by fixing a T-cannula in the 
trachea below the larynx. The lower arm was connected with 
a bellows, and the side branch with a water or mercurial 
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manometer ; the aiytenoid cartilages and the vocal cords were 
then approximated, as well as the ventricular bands when these 
were predbut. The strength of current which these structures 
could resist in various positions, and during inspiration *and 
expiration, vras estimated by the height at which the water or 
meitury stood in the manometer. A curved needle was passed 
through the bases of the arytenoids which were then coaptated 
by means of a figure-of-eight ligature. In some experimAits in 
which the larynx possessed cords of such dimensions as to 
admit of it, needles were passed through the thyroid cartilage, 
ofte on either side of the middle line, and just external to the 
anterior attachment of the false cords, and the points were 
pushed bgch^ards inside the edge of the false cord towards the 
‘arytenoid cartilage. In this way, approximation of the cords 
could be easily produced by movement (separation) of the eye 
end of the needle. In smaller larynges, however, approxi- 
mation was assisted by seizing the coaptated edges of the cords 
with a pair of fine pointed curved forceps. Lateral pressure 
was exercised by means of a weighted scale pan which w’as 
connected with a movable concave surface of wood placed 
externally over the line of attachment of the cord to the wall 
of the larynx. 

This was aided or substituted by manual prossuie, and 
manipulation was also resorted to in pushing the base of the 
tongue with the epiglottis backwards over the larynx. 

In the sheep the ventricular bands are absent. The follow- 
ing figures represent the result of these e.\periffients 

Busistaxcg, 
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Experiment 1 

4 

2 

« 2 

5 

2-6 

« 3 

8 

4'25 

Average about 

6*5 
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On blowing upwards through the glottis, the true vocal cords 
being closed (no false cords). 

On sucking air downwards through the glottis, the remstance 
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rose to heights varying from 54 to 140 mm. of mercury, or from 
about 28 to 72^ inches of 'water. 

In the eat the resistance to the exit of air" from the larynx 
pi’edfented by the true vocal cords alone is very small, generally 
about 6 iiyn. of mercury. 

When their approximation is aided by a lateral pressure 
of 100 grammes, a resistance of 16 mm. of mercury may be 
reachdd. 

The ventricular bands in the cat are thin and easily eoap- 
tated, but they are not calculated to resist much pressure unless 
they are supported : such support is afforded by the epiglottffe, 
if it is slightly pressed backwards, and the gentle lateral pressure 
is made so as to coaptate the cords. , , 

If firm pressure is applied in this way the resistance pro-* 
seated to the exit of air by the ventricular bauds is very con- 
siderable, and they may not yield even under pressure of from 
24 to 44> mm. of mercur}^ To reach the latter figure, however, 
considerable support from the base of the epiglottis and from 
the lateral asirects of the larynx is required. When the true 
cords are approximated, a.s well as the ventricular bands in the 
cat, the epiglottis being at the same time slightly depressed and 
gentle lateral pressure exerted, they easily resist a pressure of 
30 mm. of mercury, or more. 

The resistance to the ingress of air afforded by the true cords 
alone, in the cat is very coirsidenible ; when a lateral pressure 
of 20 grammes is exerted so as to biing them together they 
easily resist a suction power of 50 or 60 mm. of mercury, and 
when the lateral pressure is increased they will resist consider- 
ably greater suction than this. 

The ventricular bands when ordinarily approximated will not 
resist more than 2 or 3 mm. of mercury. 

In such experiments as these there is not a little difficulty in 
approximating the vocal cords so as to imitate their closure 
during life. The lateral pres.sure exerted, the position of the 
epiglottis in regard to the cords, the freshness of the larynx, 
and many other circumstances modify the results obtained to a 
very considerable extent. By way of example we may mention 
that in eight measurements of the resistance offered by the 
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approximation of true and false cords in the cat, at the same 
time, variations from 30 to 60 mm. were registered. The 
former fi^re is, however, the more exact, though, if there he a 
slight increase of lateral pressure, and the epiglottis be pusiied 
gently backwards over the glottis, a pressure of 40 aiyi 60 mm. 
ma}*he obtained. 

The following figures in mm. of mercuiy may be taken as 
representative of the results : — • 
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SroTTOK, 


Tj^\o and 
F^tJse 

True 

alone. 

False 

alone. 

True and 
False. 

True 

alone. 

False 

alone. 

30-50 

4-10 

24-40 

GO-120 

60-120 

2-10 


It appears from these figures that closure of the superior 
cords did not increase the i)(nvoiiiil resistance afforded by the 
inferior to the ingress of air as I’epresented by suctiorf. A 
quick, powerful suction (i.e., inspiration) movement clqses the 
true cords, but this does not affect the false cords in the same 
manner, nor does the negative pressure in the trachea extend 
to them. The larynx again tends to pass downwards, and the 
“ telescoping ” due on the one hand to the elevation of the 
larynx, and on the other to the pressing backwards of the root 
of the tongue and of the epiglottis with its supporting pad, 
which occurs in efforts to vomit, is here entirely absent. 

We could, however, imagine that the ventricle becoming dis- 
tended in expiration after narrowing of the larynx by muscular 
action and approximation of the false cords, the inferior might 
themselves be closed by the pressure from above, and that thus 
a slight measure of support might be afforded. 

The false cords in the dog are inconspicuous and weak in 
comparison with the broad well-developed true cords. 

They offer almost no resistance to the ingress of air; 4 mm. 
of mercury being the utmost, and this amount is only reached 
when sticky mucus on the bands adds to the resistance. 

The true cords, either alone or with the false cords, resist the 
ingress of air with a force of 80 to 180 mm. of mercury. . 

The true cords alone offer a resistance of only about 9 min. to 
the exit of air. 
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The ventricular bands alone offer 18‘5 mm., and this may be 
increased to 60 mm. if the glosso-epiglottidean sulcus be 
thoroughly distended ; ant^ the true and false together, 21 mra. 

The relatively high pressure of the true and false cords 
together was accompanied by a bulging upwards of the glosso- 
epiglottidean sulcus. It is possible that tire inflation o?the 
ventricle tends also to push the true cords together, and that 
thus <lhey aid, to a .slight extent, in closing the glottis during 
expiration. 

The larynges examined were those of small dogs. 

In the ape, wlien the ventricular bands alone are approxi- 
mated, inflation of the ventricles is well marked at the bases of 
the bands. It is distinctly seen in this animal ^liat^powei'ful 
e.xpulsion of air, and especi.dly sudden expulsion, tends to close 
the ventricular hands, and this strongly confirms the views 
already expj’essed in regard to the function of these structures. 

A smldcn inspiratory effort •when both true and false cords, 
or when the true cords alone, are approximated, is seen to cause 
the lateral fossm to sink considerably downwards, and the 
resistance to the ingress of air which they afford is very great : 
being equal to 75 mm. of mei'cury and more. 

When the ventricular bands alone are approximated, their 
power of resistance is very small, unless they are firmly coap- 
tated, when they present considerable resistance to the ingress 
of air. But it is very improbable that in the Imng larynx 
they can be pressed together in this way ; and their functions, 
therefore, are evidently very different from that of the true 
cords, in which the simple occurrence of a rapid inspiratory 
movement, when the true cords are approxinxated, effectually 
closes the glottis. 

Old Would Ape (Small Specimen). 

PK 188 VBE. SrCTIOy. 


True cloe^ 
lind False, 

True 

closed. 

False 

closed. 

True closed 
and False. 

True 

closed. 
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dO 

2^6 to. 

24 m. 

70-140 

70-140 

2-4 


CMy t\rp specimens of the human larynx were examined. 
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The ventricular bands alone afforded a resistance of SO‘0 mm. 
when gentle lateral pressure was employed. Whilst blowing 
air from bUow, a blight telescoping, ij^r pressing tiie base of the 
tongue and the epiglottis backwards, being permitted, a bulging 
upwards of the hyoid fossa and the root of the ventricle under- 
neath the attachment of the ventricular hands could be dis- 
tinctly seen. When firm lateral pressure was associated with 
this movement a much higher pressure was resisted. « The 
ventricular bands alone, when not forcibly held together, pre- 
sented no resistance whatever to inspiration — in fact, they 
sefjarated even when the true cords wore in contact, and resist 
ing a powerful suction. 

The tnje c<jrds alone resist the ingress of air quite as much 
as when the ventricular bands also are approximated. The 
resistance is very great, and sometimes reaches 140 mm. of 
mercury, and even more — in fact, suction of greater povvef than 
we could employ failed to sepamte them, but rather tejided to 
increase their resistance. 

Closure of the glottis is so important a factor in the act of 
vomiting, that we must now consider how far the development 
of the false vocal cords in difl'ereiit classes of animals is asso- 
ciated with the e^asy and perfect performance of the act. 

We find that in Buminants generally true vomiting is either 
•difficult or impossible. The same is the case with the Solipedes 
and the Rodentia, while in the cat and dog it is performed most 
effectually. There is no doubt, in the act of vomiting, another 
factor than that of simple increase in intra-thoracic, or, more 
accurately, intra-tracheal pressure, for however greatly this 
pressure be increased, as in coughing, dehecation, or parturition, 
vomiting does not occur unless the cardiac extremity of the 
cesophagus bo dilated. One explanation of the difficulty with 
which vomiting occurs in horses, for example, is that the 
oesophagus passes a considerable way below the pillars of the 
diaphragm, and that thus the fibres which radiate from* it on to 
the stomach tend to exert rather a longitudinal than a lateral 
action, and to pull the cesophagus down, or the stomach up, 
rather than to dilate the orifice. This explanation may, to a 
oorisiderable extent, be correct, bnt we think that;, the other 
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factor, viz., the want of true vocal cords, and the consequent 
difficulty of greatly increasing the intra-thoracic pressure, is 
also a factor ivliich ought not to be entirely disrt^gtfrded. We 
have made some experiments on the intra-thoracic pressure in 
vomitinj^ ; these wei-e perfomied by narcotizing an animal with 
ether, passing the arms of a T-shaped caunul^ upwardl and 



Fio. 216. Ohabt A. Bfifcching movements of cat, sbowiri^ sustained intra* 

tracheal pressure of 12‘5 mm. mcrcurj, * 



Fig. 217.— Chabx B. — Vomiting movements of same, showing resistance to 
intra<tracheal pressure yielding at x to 31 mm. mercury. 


<lownwards into the trachea, the cross-limb of whicli was con- 
nected with a manometer. Sulphate of zinc was then injected 
into the stomach, and the action of the anaesthetic was 
diminished to the same point as in surgical operations where 
vomiting occurs before the return of consciousness. The results 
will be seen from the portions of the curves which were obtained 
and which we here append. 

The middle curve was merely of retching. 

The secondary waves arise from mercurial oscillation. 

By the same kind of experiment it was proved that vomiting 
was still possible when the projecting arm of the T-caunula was 
unconnected with the manometer, and left open, but in this 
case v6mi|irig occurred with much greater difficulty than when 

. 2x 
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the r^istance of the mercurial column waa brought to bear in 
i^lnaing the trachea, and thus permitting the cor^ to resist the 
pressure fsEvomablb to this action. 

Conclusions. , 

Our experiments completely confirm those of Dr, Wyllie. 
The ingress of air into the glottis is prevented by approxima- 
tion of the true vocal cords, but these have very little power to 
prevent its egress. The false cords or ventricular bands, on the 
ooptrary, have very little power to prevent the ingress of air 
into the lungs ; but when the edges are brought together they 
act as valves and offer great resistance to the egress of air: they 
are, theretore,*to be regarded as the chief factors in the closure 
of the glottis during exertion. 

Although our data are insufficient to enable u.s to speal^with 
certainty, so far as they go, they appear to show that, in such 
animals as do not recpiire to have the thorax fixed, ven^iricular 
bands are rudimentary or absent : that in those animals where 
fixation of the thorax is advantageous for giving greater 
precision or force to the movements of the anterior limbs in 
striking, climbing, or hugging, the ventricular bands are well 
developed. This condition is seen in the cat, lion, sloth, bear, 
ape, and man. 

Though the power of any species of animal to vomit is not 
entirely dependent on the presence of the false cords, yet, when 
present, their action in closing the glottis is an important factor 
in the act of vomiting. 

See, for description of larynges referred to, the following 
authors, from the works of some of whom we have translated 
largely 

Mihie-Edwards, Legom tur la Physiologie ei VAnatmnie Compart 
deVHfmnieetdei AtmrnuXfXUf'pTp.AHetseq. 

Cuvier, Anatomie Compart, viii, pp. 772 et »eq. 

Wolff, Dwertatio Anatomiea de Organo Vocts Mammalium. 

Herrisant, EAih&rche* sur lea Organa de la Voix. 

Cy<dopcadia^f Anat. and Phga., vol. iv, pt, ii., “ Voice.” 

Turner, ** Bcdcanopt&ra Sibbaldii,” Trdna. Bog. Soe, Ed., xxvi. 

Watson & Young, “ Anatomy of Northern Beluga,” Tram. Roy. 
Soe. Ed., vol. xxix, ^ 
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EXPERIMENTAL INVESTIGATION" OF tHE 
ACTION OF MEDICINES. 

« . 

V. — Eespieation. 

(Beprinted from the British Medical Jowrnal^ January 3, 1875.) ^ 

» 

[This Lecture ought to have followed on at the end of Lecture IV on p. 322, 
but it was accidentally omitted and the omission was nc^ discovered until 
the whole of this book had been printed off, and it was consequently 
impossible to insert the Lecture in its proper place.] 

Resph^tion in Unicellular Organisms ; in the Cells composing higher Organisms. 
—Distinction between Respiration in an Amo'ba and a Fixed Cell. — In- 
ter.^ Respiration.— External Respiration. — luiemal Respiration may be 
diminished or arrested by Diminution or Arrest of the Circulation generally 
or locally. — Pathology of Fatty Degeneration, by lessening or destroying the 
power of Hemoglobin to act as an Oxygen-carrier, (a) Action of Carbonic 
Oxide ; (6) Action of Xfitrites ; Action of Phospbonis. — Examination of the 
effect of Drugs on Haemoglobin. — Colour. — Spectrum — Reducing Agents. 
— Absorption of Oxygen. — Action of Carbonic Oxide. — Ozonising Power of 
Blood.— Formation of Acid in Blood. — External Respiration. — Respiratory 
Movements. — Respiratory Nervous Centre; Excitants to this Centre. — 
Venosity of Blood. — Dyspnoea. — Apncea : two opposite meanings of tliis 
term. — Effect of temperature on tliis Centre. — Effect of Drugs : Tartar 
Emetic, Chloral, Oi)ium. 

Th?ire is a great deal of truth in the oft-rejieated comparison 
between an animal body and a steam-engine. In both^ the 
motion which is their characteristic function is kept up by 
combustion, and for combustion there is necessary a free 
supply of fuel and a free supply of oxygen. Simple organisms, 
such as the amoeba, which consists of a single cell or minute 
mass of protoplasm only, derive their oxygen, as well as their 
nutriment, from the fluid in which they swim, and the 
individual cells which compose the tissues of the higher 
animals are nourished in much the same way. As Bernard 
strikingly puts it, “we do not live in air** any more than a 
number of amoebse swimming about in a glass of water live 

2 T 2 
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in air. The cells of which our bodies are composed live, like 
the amceb®, in a fluid — the interc^ular fluid or lymph in 
which they are bashed ; and our skin may bo compared to the 
glass in which the amoebaj and the water in which they sw^ 
are contained.^ There is, however, a very great difference 
‘ between the amoeba and the cells composing the bodies of the 
higher animals, for it can swim about freely, whereas they 
are for the most part fixed. The amoeba can thus obtain fresh 
supplies of nutriment and oxygen by moving through the 
water in which it lives, while in higher organisms the fluid 
mo^es over the cells. This fluid, or lymph, is the liquor 
sanguinis, which passes out of the capillaries and supplies 
§11 the tiwues. with nutriment and oxygen, at the same time 
that it removes from the system carbonic acid and the pro- 
ducts of tissue-waste. 

* 

The interchange of oxygen and carbonic acid between the 
tissues and the blood is termed internal respiratimi. 

But this interchange would soon mnove all the oxygen 
from the blood and load it with carbonic acid, unless it liad 
some means of absorbing oxygen and giving ofiP carbonic acid 
to the atmosphere. This is effected in the lungs, and the 
interchange of gases between the blood and external air is 
termed ext^nal respiration. 

The blood, therefore, acts as an oxygen-carrier between the 
lungs and the tissues. A certain amount of the oxygen taken 
up by the blood is simply dissolved in it ; but the amount 
of this is not sufficient to supply the wants of the tissues, and 
the greater part of the oxygen which they require is carried 
to them by means of the hsemoglobin, or colouring matter of 
the blood. This substance forms a loose compound with 
oxygen in the lungs, and gives it off to the tissues when it 
reaches the capillaries, and on f^in passing through the 
lungs it takes up a fresh supply. The carbonic acid which is 
formed in the tissues by their oxidation is taken up by the 
blood in the capillaries and given off in the lungs ; but it 
seems to be carried from the tissues to the lungs, not by the 
haemoglobin, but by some one or other of the salts in the blood. 
Both internal and external respiration are essential for tbe 
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maintenance of life, and it may be destroyed by putting a stop 
to either one or other of them. 

1. Internal respiratioA may be coinplctSly stopped by pre- 
■wenting supplies of fresh blood from reaching the tissues. 
The stoppage may be general or local. General stoppage of* 
internal respiration is produced by arresting the circulation in 
the whole body, by stopping the action of the heart, or 
obaftructii g the flow of blood through tho large va.scular trunks 
which are connected with it. Internal respiration may be 
arrested locally in any part of the body by compressing or 
tying either its arteries or veins. Thus, if the arteries ^oing 
to the head be tied, so that no fresh blood can reach it, or tho 
veins coming from it be ligatured, so that thp d^oxygenated 
blood cannot leave it, the blood which is present in tS^e 
capillaries of the brain loses all its oxygen and becomes 
chfft’ged with carbonic acid. The nervous centres are thus 
eflec^ually suffocated, although the lungs may be working 
vigorously, and the blood in the rest of the body may be 
richly arterialised. That the loss of function which follows* 
stoppage of circulation in a part is due to the want of the 
oxygen carried to it by the blood, rather than to the want of 
nutriment, is well shown by the experiment of Kronecker, 
who found that contractility could be restored to tho excised 
gastrocnemius muscle of a frog, after exhaustion by repeated 
contractions, by passing through its ve.ssels a solution of per- 
manganate of potash, which supplied oxygen to the interior of 
the muscle, but conveyed to it no nutrient matter. 

When the circulation is diminished but not completely 
arrested, as, for example, by weakening the heart, or by 
contracting without obliterating the lumen of the blood-vessels, 
or when the oxidising power of the blood is impaired, internal 
respiration will be diminished, but not stopped. 

The tissues, or at any rate the albuminous tissues, in all 
probability do not undeigo combustion directly, i.e., the 
albumen does not combine at once with oxygen. It is first split 
up by the action of a ferment into (1) nitrogenous substances, 
which, after being oxidised, form urea, and (2) non-nitrogenous 
substaRces, such as fat, and probably also glycogen. When 
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internal respiration is imperfect, the nitrogenous substances 
may not be oxidised, and appear in the urine instead of being 
converted linto ui%a. The non-nitrogenous substances may 
also continue unoxidised, and, instead of being converted itfto 
carbonic acid, remain in the tissues as fat, giving rise, to fatty 
‘-infiltHition or -fatty degeneration. This is seen in the heart 
trhen the size of the coronary arteries is diminished by 
atheroma The supply of blood being insufficient to kee]^ up 
perfect combustion in the muscular fibres, the non-nitrogenous 
products of decomposition accumulate and cause the heart to 
bectme fatty. 

"When there is little haemoglobin in the blood, as in anmmia, 
internal r^pimtion is diminished, and there may frequently 
Bfe noticed a tendency to the deposit of fat in anaemic girls. 
The peasantry in some parts of Germany are acquainted witli 
this fact, and bleed their cows so as to induce an artificial 
anaemia whenever they wish to fatten them. * 

il- Internal respiration may be arrested by the action of 
■ substances which deprive hemoglobin of its power to take up 
and give off oxygen easily, and thus render it useleas as an 
oxygen-carrier, a. Certain gases — for example, carbonic oxide 
and nitric oxide — do this by driving out the oxygen from its 
combination with haemoglobin, and forming compounds with 
it themselves. These compounds resemble those with oxygen, 
but are more stable, and are not decomposed during the 
passage of the blood through the capillaries, nor by the action 
of reducing agents added to the blood, as oxyhsemoglohin is. 
J. The oxygen-carrying power of hajmoglobin has been shown 
by Dr. Arthur Gamgee to be also destroyed by nitrites, but 
in a different way. Instead of driving out the oxygen from 
its combination with heemoglobin, the nitrites combine with 
the oxybiemoglobin, and as it were lock up the oxygen in it, 
so that the oxygen no longer separates from the haemoglobin 
when the compound is placed in a vacuum, nor can it be 
driven out by the action of carbonic oxide. At the same time, 
the blood which has been acted on by nitrites is deprived pf 
its power of absorbing any more oxygen. But, although the 
nitrites lock up the oxygen in oxyhajmoglobin so fin^y that 
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it cannot be driven out by carbonic oxide, they do not prevent 
its removal by reducing agents. These first break up the 
nitrite compound, and then deoxidise the* hajmoglobin ; and 
\»hen this is next exposed to air, it takes up oxygen in the 
normal,, way. On this account, the action of nitrites in , 
impeding or arresting internal respiration is 6nly transitory ; 
for, when the blood on which they have acted once becomes 
deoAidised during its passage through the capillaries, it is 
restored to its normal condition. The action of carbonic 
oxide, on the contrary, is permanent, the blood with which 
it has combined remaining unaltered during its circulsrtion 
either through the body or the lungs ; and, if the greatest*part 
of the hsemoglobin have been acted upon, life cgn only bo 
saved by the transfusion of fresh blood into the vesselS^ 
although, in slighter eases, a fatal issue may be averted by the 
dilij^mt use of artificial respiration. Internal respiration is 
also ^liminished by phosphorus; and the fatty degeneration 
produced by this substance has been shown by Voit And 
Bauer to be partly due to this action. It is not due to this * 
alone, however, for the phosphorus has a double action : 1. It 
causes the albuminous tissues to split up more rapidly; 
2. It lessens the combustion of the products of decomposition. 
The increased rapidity of albuminous decomposition causes 
more urea to appear in the m-ine; and, if the nitrogenous 
compounds be not sufficiently oxidised, leucin and tyrosine 
may appear instead of urea. Fat is also formed from albumen 
more rapidly, as well as more slowly oxidised, than in the 
normal condition. 

In order to ascertain whether the hemoglobin of the blood 
has been altered by the action of a drug : 1. If it be poisonous, 
examine the blood from the arteries and veins of an animal 
which has been poisoned by it, and note whether its colour 
is normal in both sets of vessels or not 2. Dilute a portion 
of this blood with water, examine it with the spectroscope, and 
see what spectrum it presents. Shake it with air, and observe 
if the bands of oxyhsemoglobin alone are present, and if they 
are of their normal intensity and in their normal place. Take 
another, portion of the diluted blood and add to it a deoxidise 
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iag solution, such as stilphide of ammonium or Stokes’s fluid * 
and see if the spectrum of reduced hsemoglobm appears. 
3. Take tAo portions of normal bfbod, or of a solution of 
hsemoglobin, and add to one of them the drug to be tested, 
« or pass it through, if it be a gas. Note, as before, jirhether 
any tfhange is'* produced in the colour or spectrum, or in its 
behaviour to oxygen or reducing agents. 4. Take two equal 
portions of diluted blood or solution of hsemoglobin iniflnall 
test-tubes, shake them with air tiU they are thoroughly 
oxygenated, and add to one of them the drug to be tested. 
Thdn add to each' an equal quantity of deoxidising solution. 
Let the test-tubes be full, and cork them so as to exclude the 
solutions froiq contact with air. Note the length of time 
which elapses before the spectrum of oxyhemoglobin dis- 
appears and is replaced by that of reduced haemoglobin in each. 
5. Take two equal portions of normal blood, and act on*one 
of t^em with the dntg. Bring them into contact witlifcqual 
portions of oxygen or air, and let them remain so for some 
* time. Then ascertain how much oxygen has been absorbed 
and how much carbonic acid has been evolved by each, by 
seeing whether any alteration has taken place in the volume 
of the gas, and by analysing it in order to determine its com- 
position. 6. Act on a portion of normal blood with the drug ; 
arterialise it completely, and then determine the amou^g^ of 
I each gas which it contains by extracting them by means of 
warmth and a vacuum, and analysing the mixture thus 
obtained. 7. Oxygenate a portion of blood thoroughly, act on 
it by the drug, and then ascertain whether the oxygen can be 
driven out by carbonic oxide. To describe the methods of 
gas-analysis would occupy more space than can be devoted 
to it here ; and I must, therefore, refer to Bunsen’s or Frank- 
land’s text-books on the subject, or to Sanderson’s Handbook 
for the Phyimlogical Laboratory ; for an excellent example of 
the mode of ascertaining the action , of a drug on the blood, 
to Dr. Gamgee’s paper on the Action of Nitrites in the 

* Stioteg’s fluid conoists of » eolation of protosolphate of iron, to whioh is 
added » suiBcient quantity of tnrtario acid to prerent precipitation, and then as 
ti&eh amnumia as will render it decidedly alkaline. 
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Philosophical Transactions of the Boyal Society for 1858, 
pp. 589-625; and to Dr, Harley’s paper on the Action of 
Alkaloids, etc., in the Transactions for 1864, p. 687. ** 

I'he object of adding the drug to the blood before arterial- 
ising, aso in 6, and after arterialising, as in 7, is to discover 
whether it prevents the blood from taking up* oxygen ift the 
former experiment, or of giving it off in the latter. Horraal 
bloo(f has the power to produce ozone, or to withdraw it from 
substances which contain it, and transfer it to others which 
are easily oxidised. Arterial respiration may be modified, and^ 
tlie process of oxidation diminished, by the action of certjjan 
substances which deprive blood of this power. The usual test 
for ozone is fresh tincture of guaiac (1 part gpaia® to 6 ot^ 
alcohol), which is o.xidiscd by it with extreme rapidity. It 
shows the progress of the oxidising process with great dis- 
tinctness by the blue colour which it assumes. A few drops 
of tincture of guaiac are put upon a piece of porous pagQr, 
allowed to become almost (luite diy, and a drop of blood or 
solution of hicmoglobiii is then placed on it. In a few minutes, 
the drop becomes surrounded by a blue ring from the forma- 
tion of ozone and the oxidation of the guaiac in its neighbour- 
hood. The formation of ozone is independent of the oxygen 
contained in the htemoglobin ; and carbonic-oxide-hsemoglobin 
will produce it as well as oxylmnoglobin, provided air be 
present. When the Incmoglobin itself contains oxygen in the 
form of oxyhaemoglobin, the presence of air is not necessary 
to the reaction. The oxidation of guaiac by means of blood 
alone is, however, not nearly so easily observed as when 
another substance containing ozone is added to it, such as 
peroxide of hydrogen or oil of turpentine which has been kept 
for some time. The hemoglobin takes the ozone from these 
substances, and yields it up again to the guaiac. 

The method adopted by Binz, in order to test the influence 
of drugs on this ozonising power of haemoglobin, is to take a 
mixture of tincture of guaiac with a few drops of ozonised oil 
of turpentine, and divide it into two parts. A few drops of 
a solution of the drug to be tested is added to one of them, 
and a fev| drops of solution of haemoglobin then dropped into 
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both. :-; If the drug increase the oxidising power Of the 
haemoglobin, the solution containing it will become blue more 
quickly than the*other, but more slowly if the oxidising power 
be diminished. • 

Another process more simple than that of analysing the 
gas^ of the'* blood has been used by him and his scholars 
Zuntz and Schultz, in their observations on the effect of drugs 
on oxidation in the blood. This process is based on thi fact, 
noticed by Zuntz, that, immediately after blood has been 
drawn from the body, an acid begins to form in it, so that its 
nfirmal alkalinity goes on decreasing. The formation of acid 
is most abundant during the first few minutes after the blood 
has beeq drawn, and before coagulation has taken place, so 
*^that Zuntz considers it a vital phenomenon ; but it continues, 
though in a less degree, till putrefaction commences. They 
take the rapidity with which acid is formed as an inSex of 
the rapidity with "which oxidation takes place in ther blood; 
and, when they find that the addition of a drug to the blood 
has diminished the formation of acid in it, they consider that 
the drag has diminished oxidation in the same proportion. 
The following method is the one which they employ : — ^Three 
equal portions of the same blood, of fifty cubic centivietres each, 
are measured out. Tlie alkalinity of the first portion is then 
deteimined at once. To a second portion, the drug to be 
tested is added. The solution of the drug must be neutral ; or, 
if it be acid, the amount of its acidity must be determined 
and allowed for in the final calculations. To the third portion, 
nothing is added. The second and third portions are then 
kept for one or two hours at a temperature of about 40® C. 
They are then allowed to cool, and the alkalinity of both 
portions is detennined. If acid have been formed in either 
of these portions during this time, the alkalinity will of conr^ 
be less than that of the first portion, and the amount of acid 
formed is estimated by the diminution which the alkalinity 
has undergone. The alkalinity is ascertained by noting what 
quantity of a 'standard solution of phosphoric acid must be 
added to the blood before it begins to give a red colour to 
blue litmus paper. But, if phosphoric acid were ujied alone. 
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the red colouring matter of the blood would be apt to atain 
the litmus paper, and it would be almost impossible to say 
when the reddening was due to it, and when* to fr e*acid. In 
order to prevent this, a quantity of chloride of sodium is 
added tq, the acid. The salt prevents the corpuscles from 
being dissolved, and the haemoglobin from disturbing * the 
reaction. The acid and salt are gradually added to the blood, 
and the reaction tested from time to time by putting a drop 
of the blood on a piece of fine satin paper coloured with litmus. 
The paper should be first moistened with a tolerably strong 
salt solution, the drop of blood allowed to remain on it fbr 
a few seconds, and then wiped off with blotting paper. The 
point of saturation is held by Schulte, who has also employed 
this process, to be reached whenever the blue litmus paper 
becomes distinctly reddened, even though the red colour 
should disappear again immediately. This transient reddening 
is due Jlo carbonic acid ; and Schulte prefers it to the first 
permanent reddening, because it can be more easily observed. 
This does not give the absolute amount of alkalinity ; but all 
that is wanted is the comparative alkalinity of the three 
portions, and this is got accurately enough if they be all 
treated in the same manner as regards temperature, shaking, 
etc. In this way, Zuntz, Scharrenbreich, and Schulte, find 
that quinine lessens oxidation in the blood, and Binz finds that 
it does the same in a solution of haemoglobin. 

Hxtemal respiration, or the interchange of gases between 
the blood and the atmosphere, takes place whenever they come 
into sufficiently close relation with one another, as they do in 
the capillaries of the skin, intestinal canal, or lungs. In the 
frog, respiration is carried on by the skin to such an extent, 
that it can live for a considerable time after the lungs have 
been excised; but in mammalia respiration is canied on 
ftlmnat entirely by these organs, and any interference with 
their function quickly puts an end to the life of the animaL 
In order that the blood which circulates through the body 
may get rid of its carbonic acid and take up oxygen sufficient 
for the wants of the tissues, fresh portions of it must con> 
stantly b§ brought into contact with the air, and therefore 
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it most constantly circulate through the pulmonary capillaries. 
But the air in the lungs would soon become saturated with 
carbonic *«acid and deprived of its ^)xygen by the blood which 
comes into contact with it, and all farther diffusion wouW be 
arrested, unless it also were constantly lenewed. , Tliis is 
cffeeted by the respiratory movements. These consist in the 
alternate enlaigement and diminution of the thoracic cavity, 
after the fashion of a pair of bellows, by the motion^of its 
walls and of the diaphragm. These movements are kept up 
ill a rhythmical manner by a nervous centre, situated in the 
ntedulla oblongata and upper part of the spinal cord, which 
sends off periodic motor impulses to the diaphragm and 
inspiratqyy muscles. When the breathing is quiet, expiration 
"is usually a passive act performed by the elasticity of the 
lungs and ribs, and by the weight of the thoracic walls. But 
when it becomes excited, active expiratory muscles are bfought 
into action, and they receive their motor impulses f jom the 
respiratory centre alternately with those of inspiration. It 
is probable, though not certain, that the respimtory centre 
is not a mei’e reflex apparatus, which simply transmits im- 
pressipns which it receives from sensory nerves to motor ones ; 
for its activity continues, although its connections with 
sensory nerves be almost entirely destroyed. The periodic 
impulses which it imparts to the motor nerves of the respira- 
tory muscles are not due to its being periodically ex4ited by 
impressions from afferent nerves, but to its being constantly 
excited by the venosity of the blood circulating in it ; while 
some resistance within itself prevents the excitation from 
being constantly transmitted to motor nerves, and only allows 
it to be so at periodical intervals. 

The venosity of the blood consists in the absence of oxygen 
and tihe pi|sence of carbonic acid, and it is not certain whether 
or not botH of these aht as excitants to the respiratory centre ; 
but it seems not improbable that the presence of carbonic 
acid is the excitant, while the amount of oxygen simply alters 
the excitability of the centre. According to this view, when 
there is much oxygen in the blood, the excitabUity of the 
centre will be slight, and little affected by any irrit^t applied 
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to it, whether this he carbonic acid or anything else. When 
the amount Of oxygen in the blood is small, the centre will be 
very excitable and ' easily Effected by any irritant, in venous 
blodd, there is both little oxygen and much carbonic acid, so 
the centje is both rendered more sensitive, and is more 
strongly excited by the acid. The more venous ‘the blood* the 
greater is the excitation of the respiratory centre, and the 
more* active the respiratory movements. When other 
interfering circumstances are excluded, it would appear that 
greater excitement of the respiratory centre causes the respira- 
tions to become quicker, and, at the same time, deeper. THis 
excited respiration is termed dyspncea, and it occurs when the 
blood becomes venous in the respiratory centre. , As the 
venosity increases, the ordinary muscles of respiration are no 
longer employed alone, but the e.xpiratoiy and accessory 
muscfes are called into play; and, lastly, all the muscles of 
the bo<ly are affected by clonic convulsive movements, called 
asphyxial convulsions. 

When the blood which circulates in the respiratory centre 
is not at all venous but is perfectly arterialised, as it is when 
artificial respiration is vigorously performed, the centre is both 
rendered less sensitive, and the irritant, viz., the carbonic acid, 
b at the same time diminished or removed, the centre is not 
excited at (dl, and respiratory movements cease. 

This condition, in which no desire for respiration is felt, and 
respiratory movements cease, is termed “ apncea ” by German 
writers, and it must be carefully distinguished from the 
“apncea” of English authors, which is simply extremely great 
dyspncea ; ao great, that the blood is hardly aerated at alL 

The activity of the respiratory movements and the amount 
of air respired in a given time, depend on the degree of 
excitement of the respiratory centre. As we haye just seen, 
this excitement depends on two factors: 1. The excitability 
of the centre ; and 2, The amount of irritation applied to it. 
In general, the venosity of the blood determines both factors, 
and it is not the venosity of the blood in the general circula- 
tion which does this, but only of that blood which courses 
through ^the vessels of ,the paedulla. This was shown by 
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Hering,* wlio passed a stream of arterialised blood through the 
vessels of tlie head while venous blood was circulating in 
those of'iihe bodj* The respiratofy movements then ceased 
exactly in the same way as if the whole blood in the bodyiiad 
been perfectly oxygen^ited. When he reversed those condi- 
tioiw, and passed aa^eriaMsed blood through the body and 
venous blood through the hea<^ asphyxial convulsions took 
place. This shows that the de^ee of activity of the rdfepira- 
tory centre in the medulla oblongata depends ion the greater 
or less venosity of the blood circulating through it, and not on 
a» irritating action exerted by venous blood on the ends of 
afibront nerves in the lungs, or other viscera. 

The excitability of the respiratory centre may be greatly 
'’Modified: l/By the temperature of blood in it; 2. By the 
action of drugs upon it. When the blood becomes warmer, 
the excitability of the respiratory centre is greatly incrjased ; 
^e movements of respiration become much more vigorous, 
tind it is no longer possible, by the most active artificial 
respiration, to produce a state of apnoea. Certain drugs, a.s 
tartar emetic, or apomorjfiua, when injected into the veins 
also prevent the production of apnoea, but whether they do so 
by increasing the excitability of the centre, or by acting as 
irritatit’s tb' it, is uncertain. 

iOther drugs, such as chloral, greatly diminish tiii| excit- 
abili^ of the respiratory centre, so that the respirations 

f tnc request of a correepondent for a reference to Hering’s experiments has, 
' fortunately, directed my attention to a mistake of some iuiportunco in this lecture. 
1 stated that Hering found that respiratory Movements ceased whan arterialiasd 
b$bpd was passed through the head and Tenons blood through the body f while, 
on the contrary, asphyxial convulsions took place when venous blood was passed 
; ^ through the head and arterial blood through the body. I ought to havis said that 
,Vmovenients occurred in the blood-vessels such as would have taken place had the 
same sort of blood which circulated through the brain been passing also through 
the body. The experiments, however, W’ere made on curarised animals, so that 
respiratory movements were impossible. Hering had previously ascertained that 
the arterial movements were synchronous with the respiratory movements, and 
might, indeed, be regarded as caused by impulses proceeding from the respiratory 
centre. They might thus serve as indieafiotis p|; the condition of the centre, 
where respiratory movements had been paralysedt'Sy curara. This paper is to 
be found in the Wiener Acad. J3it£un^9bi^»y . Math. ~naturw, Classe, voh lx, 
abth. 2, pp, ,829—856. ' ' #• 
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become fewer, notwithstonding the increase of carbonic acid in 
the blood to which their diminution gives rise, and if the dose 
be large they may ‘ stop ‘altogether. Apncea may’ also be 
produced by means df artificial respiration ynth great ease 
after their administration, and it may tast so long, that one 
is sometimes mclined to tlunk that the animal ia not going to 
breathe again at aU. 
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-Elasticity, Importance of, 272-3. 

-0.-si!icAliori, (Itiodie, Jetmer, Parry), 
IS, 19 ejf seq. 

A rte> in I Pre.siure, nee also Arti^rial Tension, 

— automat iii recording of varlntions in, 
initiated by Lndwig, 8. 

— in a T)og, 

— Action on, of Casca Park, 502, small 
" Dose, 60 j-7, tuhle oU(>. 

- -fir-'t investigated by ilales, 4, 279. 

-Pulse rate and, in experiincuts with 

Digitalis, 145-0. 

Arterial Tension, (or Hlood* Pressure, 

q6)y2T‘\. 

— iuilucnce on, of Ke.ipiration, 45-0. 

—in ]Man and Animals, as affected by 
•^Nitrite of Amyl, 138 10. 

— Phypiologieul Action of Digitalis on, 54, 
see also 45. 

— spisinodio, in Angina Pectoris, relieved 
by Nitrite of Amyl, 193. 

— two factors of, 45. 

Arterieii, Selbststiindige Bowegungen der- 
selbejti, 159-00. 

ArtericTiwaudc, Bewegungon de^selben 
wenn beriihrt, nach Dii’ch- 
ijbhneidurig dor N erven, IdO, 

Arterioles, 

Action on, of 

— C’asca, 4''8-90, 515, 517. 

— Condnrango, 357. 

— Smelling Salts, 407. 

-Active Dilatation and Contraction of, in- 
dependently of Nerve-Centre.-, 
On the Action of Nitrite of 
Amyl on the Circulation and 
on, 174. 

in Cholera. col lupso, 315. 

-Coritrafdility, indcpeiiclent, in Muscular 
jffbwB of, and tlio result.^, 12. 

-Contraction of, caused, by 

-Casca, 468-00. 

— Digitatin, 1 iX, 143, 145“<}. 

'-Diuitaiis, 469. 

--I5 *gpt; 470. 

“-Ii;liix«tion ofi a cause of Palpitation, 
421. 432. 

Artery (ies), Coronary and Pulmonary 
do.^ also Ar.erien and Arte- 
rioxes. 


A’tcry (ics)— 

“Blood -pressure in, first measured by 
Hales, 4. 

— ExperiinenlU on the Jiifluence of Digi- 
talis on, {tables and diags,)^ 
103. 

-and Ciipillaries, ^ 

— Artcr.ul Blood, Filling, one cause of 
Co ' gi’sfion, 439-4Cf. 

-discovery of a tiou on, of Vuso-dihitor 

nerves, 11. 

-KiTcct on, of touch, after division of 
nerves, 178 ti seq, 

— in Muscles, Dilatation of, 405 et seq. 
-rijidity of, causes and consequences 

of, 18 -19, ^ ^ 

.Arliiicial Circulation: Investigation of 
Blood Pres.uire, 266. 

-lllood, Artifijial (.'ireulati >ii of, 266. 

— Circulation of \Va.nn f^irul Cold, 26^* 

— Mode of Condvu^ing Artificial CJtcula- 
lion, ib. 

— Application of the method to Pharma- 
co’ogical investijration, 268. 
-differe d- kinds of, in, 336. 

Blood Pressure, or Arterial Ciivjula* 
tion, 273. 

— Oseilhitions in, caused by the Heart and 
Respiration, 273. ^ 

— Causes of, 273, tabular view of, 278. 

Action of Counter-irritants, 277. 

Iiifiijcnce of Nerves, 274-6. 

— ICxjverimentul Examination of, 279. 

— h.»rms of Manometer, 279. 

IC vrnogra|diion, tlie, 

Kick’s, 2.81. f//. 

-Imd wig’s, 280 -3, ill, 281. 

Mod.* of usiMg, 285. 

— Reduction of I rucitigH made by, 286. 

Mode of Boctn-ding Expei-iments, 

28 S. 

— ^ — Graph ie do,, 289. 

-in Frogs, 319. 

-in Mamriials, 31.8, ill, 319. 

-Plan of, due to Juidwig 8. 

-power of, to inaintaiu Life in separated 
or severt'd ))art.s of the Body, 
374-6 et seij.f and the Con-^ 
verso, .176. 

-through Isolated Organs, (Ludvidg and 
Mosso), 33.5. 

Artificial Rcspliarion in a Frog, 263-4, 
Artificial Respiration in Mammals, 

-after division of medulla, (Schiff j, 560-1. 
-On the use of, and of Transfusion as a 
Means of Preserving Xife, 
374, 385-7. 

— Apnoea induced by, 654. 

— apparatus for, ill., 2(;2 el seq, 

-Processes induced bv, 377-8. 

2 u 2 
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Arterial Kespirat ion in ^Mammals (conf.). 
-Somo Practical Applications of, alone, in 

- Apoplexy, 379. 

■—Asphyxia ( Drowning, Charcoal Poison- 
ing, Strangling, etc.), 378, 
382-4. 

—Poisoning (Ilyflroeyanic Acitl, Snake* 
bite, VVoi^rai;a, etc.), 379-85. 
Arytenoid cirlilages, fuiicliori of, in Closure 
of the Glottis, 82 k 

Asphyx'a, {stis aho Drowning), Artificial 
lle^piration in, 382. 

Ass, Larynx of, 833. 

Asthma, Spasmodic, augecsted use of 
Nitrite of Amyl in, 140. 

Atropine^ 

-action of^ * 

— in (lomoiistration of the KiTect of Poisons 
on the Frog’s Heart, 457. 

— on the Inliibi^ory A])paratus of the 
Heart, 528,^557. 

— on Night Sweats of Phthisis, 554, 
555-6. 

- -in Poisoning by Casca Park, 4-50. 

- -on Pulmonary OMpillaries, when con« 

tracted by Muscarin, 588. 

— on the Pulse, 201. 

-clfccts of 

-^different doses of, on cllITbrent Ani- 
mals, 291. 

- the same, on the Piood in Artificial 

Circiilafion in Isolated Organs, 
330. 

- -giTen before Muscarin, 313. 

—given before Veratria, 315, 

-und Chlowitc Hydrate, antagonism be- 
tween, atid Casca, 525-7. 

-and Pbyostigina, antugonisni between, 
bearing of, on Therapeutics, 
313. 

Auricle (s), {see also Inhibitory Inilucnco) 
in the Frog’s Heart 
-Effect on, of 
—Electrical Stimulation, 

- {a) in normal condition, 573. 

Maximal, 577, 585 43. 

■ - -Minimal, 677, 584—5. 

- -(5) under the inlluence of Cold, 575, 

577, 589, 600-5. 

Maximal, 591. 

Minimal, 690. 

(c) under the influence of Heat, 575, 
577, 694, 600, 822-3. 

Maximal, 594. 

- -- Minimal, 

— (rf) under the influence of Strychnia, 
675, 598, 614, 622-3 et nq. 
--^•Maximal, 598, 615-7, 

—-—Minimal, 698. 

^puhation in, rhythin of, 528-30, 541 


Auricle (s ) — eonL 
-Stimulation of 

— Auricular and Vcntficular contraction, 
C induced by, sequence of, 573. 
Auscultation of the Heart, introduced by 
Laennec, 5. * 

Author’s Pulse, see Pulse. 

-Urine, see Observations on Urine. 


I Pacteria, 

I Action on, of 

! — Oasca P.irk, 458, 463, 402-3, 522. 
i — Drugs, 244. 
i Badger, Larynx in, 632. 

I Park, the, of HJn/fhrojyhleum Guinense. 
j (Casca, Cas.sa, or Sassy Park), 

i Physiological .Action of, (wilh 

I AValtcr Pye, m.h.c s.),458, 481 . 

! Pasedow's Disease, see Exophthalmic 
j Goitre, 

j Bear, TTr/nts ai'elos and T/rsus meles^ 
j -Larynx in, 631. 

1 — V'^eiitricular bands in, 635, 642. w 
! Pegbie, Dr. VV^irburton, cough mixture 
j used by, coustituenU of, and 

j tlicir iK'tion, 5fi6-7, *o69. 

j Peliadonna, 

I -Action of, on the 
i — Hespiratory Centre, 

1 — benefits from, in Night Sweat of 
I Phthisis, ease illu.strating, 553. 

! -Skin and mouth, how caused, 547. 
j Bennett, Prof., his case of Angina Pectoris 
i ti’catod with Nilrito of Amyl, 

I 185 -6, et spq, 

j Bernard, cited on the PUysiologicil Action 
I of W oorara Poison, 330-1 . 

i Pozolcl, — von, invcsitigal ions of, on the 
Aicelerating Nerves of the 
Heart, 11. 

Birds, as alTected by Casca, 453, 464, in 
various doses, 489. 

Plake, Jarne.^, Quantitative experiments 
of, on the KlVeds of Drugs, 7. 
Bleeding, (see also Phlebotomy and Vene- 
section), for relict of Angina 
Pectoris, 138, 140, 185 et 
seq., 191. 

-in Cases of Charcoal Poisoning, 384. 

-in relief of Pain, 450-1. 

Blisters in Bheuraatism, tlio IJse of, On 
Irritants and Countor-lrri- 
tunts, with Bemarks on, 438. 
-application of, 

—to Callous Ulcers, 438, 453, 454. 

-—to Chest, in Pneumonia, 438, 454. 

— to Side> in Pleurisy, relief given by, 
deductions from, 451, 454. 

— in PericardiUs, action of>%52-3, 454. 



INDEX. 


G61 


Ulisterfii in Klieumatiam, application of 
in Klieumati(5 affections of the Joints, 
452-3, 454. 

3]loo<l, see also Artificial Circulation, Cir* 
dilation, eie. 

-Aefton on, of J^itro-glycerine, 479. 

-Admixture of, through circulation, from 
i^ariouH parts of (ho lx)dy, 
Ifarvey on, 22-3, some specu- 
lations 23 t>, U30 of digestive 
ferments, 25. 

-Cavbdhic Acid in excess in, the ciiuso of 
Cold Swe.its at Death, and 
Night Sweats in Phthisis, 
550, 555. 

.■badges in, Chemical, produced by 
Gastric glands, 23. 

— ill circulation through isolated organs*, 
investigations on, (hudaig and 
others), 11. 

-iu Cholera, alterations in, 304 7, if* ‘i^otcy 
304. 

*-C;jrisl:itu«mt;S of, two inost important, 

— Chloride of yodium, 23. 

Water, ib. 

— Probable action of, 23 ef. snq. 

“differeni* kinds of, in Artificial Circula- 
tion, in Isolated Organ.3, 33(>. 

'•mode of supplving llesul and llody 
^vith, 29S. 

- fomialion in, of Acid, 052-3. 

• Increased Toinperaturo of, a cause of 

Sweat, (Lachsinger) 550, 555. 

-Increased Venosity of, as pO'sihlc caur«e 
of Quickened Breathing, 329. 

— Causes of 

Prevention of Air from reaching 

Blood, 330. 

.-of Blood from reaching Air, ib. 

— how t his la.Mt may be effected, by 

---OontraetioTi of the Pulmonary 
Capillaries, 331, Action of 
Muscarin in, ///., 333. 

— Embolism of the Pulmonary 

Artery, 330, Action (sup- 
posed) of Condurango in, 
330-4. 

— Stoppage of the Heart, 330, Action 

of Quinine in, ib. 

•iu tlio Intestines, how cliilled and how 
protected from Cliill, 531. 

- Nieotiue iu, a cause of cold Sweat, 550. 

- normal <iuantity of, in the vessels, 441. 

■ Ozonizing Power of, 649. 

• Physiological Action of Digitalis on, 43. 

-on Ctrculation, 41, 44. 

— Artemi I’ension, 54 and see 45. 

— Capillaries, 55. 

■' Pulse, 4L 46. 

-lie?piiutoipy change in, 646 et seq. 


Blood (rr)«f.) 

-Transfusion of, in conjunction with 
Artilieiul .Rijspiration, 383-7. 

— in Charcoa> PoisomT?^, 384, 380. 

— Snake Bite, 385-0. 

— .Strychnine ami other Poisoning, 386. 

— objections to, disposed of, 380-7. ^ 

-Veiinus, , 

— Action of, on S\vcat Cent re, ’^551. 

“Vimosity of, wliat it consists in, 65 '. 

Blood corpuscles, 

- Nuclei of, Chemical Composition of, 117. 

-Rod, coagulation of, in Capidario.s, in 
i M flam mat ion , 4 17-9. 

-Red and white, (Newts), Action on, of 
Casca Bark, 493. * 

-WTiilc, Action of Dvugs on, 2y. 

Bl(jod-lctting, see Phlcljotomy and Vene- 
section. 

Blood Pres:»ure, see (z/tojArterial Pressure, 
Arterial Tension, cf»rf'*Blut- 
(buck. 


1 


-Action on, of Nifro-glyccrine, less than 
that of Nitrite of Amyl, 479. 
-in Animals, 

- -C.'it and Rabbit, 

— Action on, after division of Spinal 
Cord, of Casea drug, 515-7. 
A^csgcls affected by tlie Drug, 517'-?^. 


— Action on, of Casea, 501. 

-in the Arteries, 

— Automatic recording of, duo to 

Ludwig, 8. 

— Kxporiineuts on the Inilucncc* of Digi- 

talis on, 103. 

first mo'isurcd by Hales, 4. 

Bluod -pressure, 

-Diuiini.sheLl, piuluced by Nitrite of 
Amyl, 175. 

• Probably due to dilatiim, 18.»-4. 
-Experimental Examination of 
— Eorms of Manomotcr, 270. 

— ICymographion, the, 

- Eick's, 284, ill. 


- -Ludwig\s, 280- 3, ill. 231. 

— Mode of using, 28.>. 

— Reduction of tntcings made by, 280. 

— Mode of Recording Experiments, 288. 
Graphic rfo., 289. 

-Oscillations in, duo to Heart and Bespi* 
ration, 273. 

— Causes of, 15, 273, tabular view of, 278. 

Action on, of Counter-irritants, 277. 

— Intluence of Nerves on, 274-6. 

-Raising, Mode of, 273. 

-Registering by Marey and Ohauvea.u, 9, 
(Strieker's instrumoht for), 


293-4. 


—Graphic Method, Ludwig*#, 9, 
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Blood pi^ssure, Kogistmng bj {coni) 

— Sphymograpli, 32 L 

relation to Syncope, 6, 401 et seq. 
Blood Pressure, ^ ^ 

-what it depends (ft), 31fi. 

—changes in, ctfiuacd by Action of 
Drugs, 31G-7. 

— •iuode of deteriniiiing wbethor due to 
Heart, or Ves- 
sels, 317. 

— Heart, 

Division of Heart Nerves, .317. 

-—Elimination of Heart Action, i7). 

— Imtntiou of A^^agiis. 318. 

Ligature of Aorta, ih. 

— ^Subsequent use of Artifi' ial Circu-a- 
• tion, 318.^ 

in F)%g8, 319. 

—in Mamninis, 318-0, 

Vessels obseivrd in, 319-20, 

— TulUence of Action* of Surrounding 
Parts, 

in Frogs, felO. 

in Mannnii'S, 318-9, yessels obseryed 

in, 319-20. 

— Influence of Action of Pulmonary 
Ca| illarios, and of t-'iiriound. 
iTig Par's on Vessols, 321. 
-Ip-Brspiration and Mu'-cu’ar Kifort, 

— ^Elimination of, 320. 

Vaso-inotor Centre, 

Elimination of, 320. 

Use of the Spliygmograpli, 321. 

Blood -supply, 

-copious, 

— effects of, on the tissues, 411, 444, 

in accelerating repair, experiments 

illustrating, (.Sit»itzin), 44*1. 

-scanty, 

— (ffe(;ts of, in retarding r(*pair and 
causing dentil, 414, 

-in relation to swe^ut, .54r». 

Blood-vessels, see also Blutgj.fiisse. 
-Action bn, 

—of Casca, 4G8. 

— of Digituli.s. {tviih A . B. Meyer, itf .n.), 141. 
-Contractility of, 11. . 

-Cutaneous, con t rad ion of cauf^ing in- 
creased heat prodnetiiuj, 14. 
-dilatation of, oaus d by Nitrite of 
Any], 180-4. 

-in Muscles, 12, dilutable cap'cily of, 
and results, (Luciwig and 
Hafiz), 13-14. 

-normal condition of, 411, ill., 416. 
—state of, after applicut ten of Irritant and 
fommencement of Inflamma- 
tion, til.. 440. 

*— on division of Vaso-niotor nerves, ih,, 
441, 44r4. 


Blood-vessels (cant) 

-observed .in Exaininntioii of ICffcofc of 
Drugs on the Heart, 319. 

Blutdrwck. 

-Elrniearignng dorseibcn, von dem aal- 
petrig'sauren Amyloxy d slier- 
beigefubrt, 155. 

-Unabbangig von cincr S'cb’w^lchung der 
Herzkrafte, 164, ife. 

-WabrscheinlitOi von dcr Crefas.sf*r* 
vv(?iterung vorursaebt, 1; 8-0. 

-Wirkung der Digitalis auf ^jicinsel- 

beii, 410. 

Blutgerassc, 

-alleinige wirkung dcs Stilpetricisauren 
Amyloxyds auf die, 160. 

Blulstrom, den, Ut-ber die Wirknng dos 
Sal pet: rigsauren Amy I o xy ( 1 ^ 

anf, 154. 

Body, l(‘m]>crature of, howr main- 

tnined, .oSl. 

Bones, Injuries to, and Amputation of, 
SI’.ock induced by, 393. 

Bowditeli, T)r. 11. P., Apparutus ^f, for 
Experiments on Frogs* 

Hearts, 304, ill. 305. 

Bowels, distention of, sufferiing caused 
by, 16. 

-the Physiological Action of Digital a 
on, 59. 

Brain, see also Orrebrutn, and Medulla. 

-..Action on, of Nitro-glyeei'ine, 478. 

— Headaclie induced by, 478-80. 

-Cardiac exuitre in, (Ludwig), 11. 

-Centre in, controlling A’’oluntary movi' 
inentfl, (Forricr), 14. 

-not necessary to Life, ( Fontana\ 374. 

Brain-activity, rcjlutlon between, and cold 
feet, explained, 12, 

I Brain-funotions, dependent on eon.«tai:l 
Blood supply, 403. 

Brandy in Shock, 408. 

Breathlessness, due to faulty contractility 
of the Heal t, 16, 17. 

Brodie, Sir Benjatrin, experiments of, 
on Artiflcinl .Breathing in 
Woorara Poisoning, 381. 

Bronchi, in relation to Cough, 662. 

Bronchitis, Carbonate of Animm in 
in, 327. 

-Chronic, obstruction to the Circulati >n 
as seen in, 5»3-4. 

Bronchitis and Phthisis, On the Actions 
and Use of Ceriuin Eemeiiie.s 
eiujdoycd in. 562. 

-cell'growth In, in relation to the use of 
Cod-liver oil, 570-1. 

-congested Mucous Membrane in, a caU$o 
of Cough, 567i 

-remedies for, 662. * 
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Bronchitis avd PI tliisis (coni.) 

-rciiu'dirs for (coni ) 

^Ood-liver oil the beet, 570-1. 
-SyTnptoms in ** 

— Co^li and Expectoration, 502. 

Brown, Crum, and Fvaeer, leeeurchos of, 
on tlio modification of the 
at^ioii of certain Alkaloids by 
union with sp(3cified bodies, 390. 
Brown-S^qnard, 

-eipcriinents of 

— demoiisljratinfir Ecepira^ory Centre in 
tho Spinal Cord, H23, 

— in restoring Life to a cevope<l (Dog'tf) 
Head, 375. 

-use of testicular extract by, 25. 

Bruce, Alice, death of, from Syncope due 
to Torture, 303. 

Brucine Poisoning, Artificial Breathing 
in, (Uspensky), 383. 

B run ton’s 

-Pulse, Sphymographic Tracings of, 120 
ei scq. 

-Stop-eodk, and ils uses, ///., 2G5. 

-Theory of the Mode of Action of 
pigiialis, 72. 

Burns, 

-Pain of, relieved by Fire*hcat, 419. 
—probable reason for relief, 450 ill. 
-Sliock induced by, 398, 400. 


CaffeInk Poisoning, Artificial Breathing 
in, (Uspensky), 3S3. 

Calabar bean, (l^hyoaligma FenPAiomm)^ 
in ordeal by Poison, West 
Africa, 402. 

-effect of, on the Salivary Nerves, 54G-7. 

-pli^ Biological action of, discriminated from 
that of Casca Bark, 473. 

Calculi, agony caused by distention pro- 
duced by, 16. 

Camarband, reason of its usefulness, 531, 

Camel, (Camel m boctnams)^ Larynx of, 
632, 635. 

Oannulic, T-tubes and Pena, 255-6, 
making of, 255-6. 

- Introduetion and Uses of, 259, 262, 

Camharidos, Diuretic action of, applied 
externally, (3. 

Capillaries, 

—Coagulatipn of the Blood in, the s>ip, 
pofcd cause of Stasis, (Weber 
brothers). 4'18-9, 454. 

--^contractile power of, 316. 

--Phyaiolcgioal Action of Digitalis on, 65. 

—resistance of, to the circulation, first 
investigated by Young, 4. 

—Venous Blo(^ filling, one cause of Con- 
gestion, 439, 


Cap‘rar:cs (cort/.) 

-Pulmonary, 

— actiorj of, on Drugs injw'ted, 321. 

— in Angina Pectoiis, 'Os acted on by 
Nitrite of Amyl, illy 370-3. 

— in Cholera Collapse, 365- 8. 

Troatment indicated for, .368. j 

Nitrile of Amy kin, Ul.y 369^”73. 

— Contractile power of, 56S. 

— Contraction of, effect of, on Kespira- 
tion, 331. 

— Action of Muscarine in causing, 
ill.y 332. 

— Frogs’, Action on, of Drugs, how 
observed, HL, 3.33. 

-^Systemic, Action on, of Nitrite cj Amyl, 
369 et aeq. ’ ^ 

Carbonate of Ammonia, ii'^e of, in Bron- 
cliit-ia, 327. 

Carbonic Acid, . > ^ 

-Action of, on the v j'gus, 300. 

-in blood, action of, 652-4. 

-Increased quantity of, in tho Blo^id^ 
cause of Cold Sweats at Death, 
and of Night Sweats in 
Phthisis. 550, 565. 

— how accumulated, 550-1. 

-in Tchiiion to Internal Eo*piration, 64 1. 
Carbonic Acid O-as, ^ 

-Action of, on Artificial Circulation in 
Isolated Organs, 337. 

-Poisoning by, Artificial Resiiraticn 
iu, 382. 

Carbonic Oxide, act ion of, on Internal 
Respiration, 61-6. 

-action of, on llsvmoglobin, 646. 

Carbonic Oxide Poisoning (from Charcoal 
fumes), .Artificial Respiiation 
in, 383, conjoined with Trans- 
fusion, 381. 

Cardiac c(?ntro, position of, 11. 
-contraction, research on trarismissioii of 
Siimuli producing, 572-3. 
-Cycle, as dcsciibed by Scnac, 5. 

— Refractory period in, 573, 674 4* noiey 
578 et seq.y 619 et teq.y moment 
of, 576, duration of, 677. 

— effect on of Co d and Heat, 577. 

— sens^itive phase in, 676-7. 

-Dropsy, anticipated use of Casca in, 473. 
— rationale of treatment of, 20. 

-Ganglia, (Cat, Dog, Frog), 

— ^jikction on, of Casca, 613-5. 

— Co-ordir.ating Appantufl of, in relation 
to QuioKcncil Heart action, 315^ 
— Paralysis of, 303, 

— -part of the Ganglion’c Apparahis 
affected, 309, 316. 

— stimulation of, effect of, on the 
Pulse, 294b 
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Lesion in organic Angina, 191, 

-r-how deduccd^in Bennett’u case, 192 3. 
^•Murmurs, investigation « of, by various 
observers, 4, 6. 

-Nerves, the, ns allected by Drugs, 

. 274 et $eq, 

‘Nutrition, impaired, ^^Syncope and Heart 
Stoppage QUO to (Brodie), 19. 
-Pain, {nee also Angina Pectoris), due to 
faulty contractility of the 
Heart, IH, l7. 

-'Rhythm, as affeeded by Artificial stimula- 
tion, 577. 

-Sounds, see Heart, Sounds of. 

Cardiograph, Marey‘.«i, and its uses, 208. 
Carotiugn, Klopfeh derselbon, voii dem 
palpetrig-sauren Am vloxyd her- 
he.gefulirt, 154. 

Carotids, the, tifirobbing of, produced by 
^ Nitrite orAmjl, 154, 174. 
Carnivora, Larynx in, 630, 

Casca, Cassa, or Sassy Bark, Eriflhro^ | 
phUum O iCinense^ I’hypiological ; 
Action of, {ivitk W. Pye, i 
M.R.C.S.), 458, 481. • 

-Action of, 

— Alcoholic and AVutery Solutions of, I 
• comjmred, 462, 482, 492, 496. 

— Experiment. XXil., 496 et set^. 

— on AnimaJs, Bacteria, &c., 

symptoms produced by, 483. 

on Bacteria, 559. 

'—Experiments XIl-XIV., 492-3. 

Life of, 

Experiment XV., 493, 

on Birds, 45S. 

— Experiment V., 4S9. 

— -on Cats, 459-61, see also 501. 

-r- — Ksperiments I-TII., 483 -5. j 

— -—in Dose.**, Large and Moderate, j 
483-4. i 

— - — BomarKs on Experiments I-III, | 

Abliormal Muscular Movements, * 

487. 


Casca, &c., Action of, on (eont) 

— Invertebrata, 458. 

Experiments IX-X., 401. 

— Blood, red and white Corpuscles of, 
(Newts), 

Experiment XVI., 493. ^ 

-Action of, on 

- blood Pressure, in the Flog, 459. 

— Exporiment XXXII., 50l diay., 502. 
— Do., in a Bitch, 

— Experiment XXXIIT., 502, show- 

ing coincident variations of the 
above, and socrefciou of urine, 
508, remarks, 505, 519, taUes, 
503-4*. 

— Blood Pressure after division of Spinal 
Cord, 

——Experiments XLII-XLTir., (Cat, and 
Babbit), 515-17, table, 515, 
dia//. 517. 

— Blood Vesseis, (Brog), 460, 468. 

- -Cardiac Ganglia, effovt on Pulse, &c. 

Experiments XXXVIIl-XLI., ((^afc, 

Dog, Frog), 513-15, fhhle, 513. 
— Circulation, 460, 4i.;7, 

- -Diecstivo system, 494. ^ 

— Experiments XX 1., XXiA, and 

XXln, 495. 

- Eye, 472. 

— Pupil andLacrymal Gland, (Cat’s), 519. 
— Germination, 458, 492. 

- IJcart, (Prog's), 459, 467, and see 525. 
-Experiments XXVI l-XX X I .,499- 501. 

- *lnte.stme.H, (Cat’s), 461, 465, 495. 

Experiment XXVL, 498-9. 

— Kicincys, 460, 470. 

•* - Mammals, 483 et seq, 

•Man, in Angola ordeals, 481-2. 

— Motor norve*?, see under Nervei. 

— Mu8c1c.s, 458, 466. 

““On Lifting pow'cr thereof, 

Experiment XLVJIl., 52L 

on Muscle Curves, 

- -“Experiments XLTX-L , 521. 

- on Structure of Mmscuhir Tissue, 


Appearance of the Heart and ! Kxjjerimcnts XLV1~AHI,, 520. 

Lungs, post-mortem, 4S8. j — remarks on the above, 521-2. 

Respiratory difficulty, 487. j —Negative, 458 (2, 3, 6, 7, 15, 17, 21, 22, 24-7), 

■ Vomiting, 487. j 463, -ISS. 

— -in Injections, 485. ; —Positive, 458 (1, 4, 5, 8-ic, 17-21, 23), 463, 

Post-Mortem and Microscopical | 433. 

ExaminatioflSi 485-7. ' — Nerves, see also A^agus, infra, 

— -Ciliary Motion, 458. i — Motor do.. Experiment XII;, 460, 522, 

• — -Experiment XV JI., 493, 523. 

— -on Dogs, 459, see aho 505-7. —Peripheral taso-motor ganglia or 

- Experiment 1 A’'., 4^^ nerves, 469-70. 

-.— Fishes and Frogs, 548-60. —-Sensory do>, Experiment LTL, 523-5, 

— "*rExperunents Vl-VIL, 490-91. diay.,623. 

-*^I«fu«oria, 458. —Reflex Action in Frof, Experiments 

r---Kxporiments XI-XIL^ LIH-IV., 624-5. 
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Casoaf &c., Action oF, on (coni.) 

Oxidation, 4ns. 

-r-Ktperimenls XVII T-XX., 494. 

-Pupil and Lachrymal Oland, 45 
. — Experiinont XLV., 519. 

-lie^ii’atiion, 459, 472, 498. 

-Spinal cord, 4G0, 4f;5. 

■ -Stomach, 4p9, 403, 4-<i4-5, 405. 
—Temperat ure, 472. 

—Urine, secretion of, 400, 505, /aUc.?, 508. 
— Experiment XXXI 11., dl(i^. 518, 
f remarlis, 519. 

— Uterus, 472. 

—Vagus, 400, 403. 

Maximum irritation , 

Experiment XXXV., (0.19, 507-9, 

tahU 307-8. 

— Minimiini do., 

Experiment XXXVI., (Cat), 509-10, 

table 510. 

--Vagus-roots, 

— Minimum cxcitabililv of, 

Experiment XXX VIL, (Cat), 510-13, 

4 table mi-n. ; 

-Action of, after ! 

—Injection, 459, 400, both vagi bciiig * 
^previously divided. j 

— Experiments XXIll -XXV., (on Cats), | 
497-8. 

— do., into t lie Jiiteslines, ! 

— Experiment XXV I., (on a Cat), ^98-9. i 
-Antagonism between, and Atri)pia and ! 

Chloral Hydrate, Experirnent , 
(Cats) LV, 525, iables'y 520-7. i 
-Appearance, 4(>2, 482. 

-Ctjcmieal reactions of, 182. 

• I)o.ses of, 

— Dittcrent effects of, on 
— Cats and Dogs, 483 -t). 

— the Pulse, 505. 

the Vagus, 507-10. j 

—Small, effect of, on j 

— Heart tind Arterial Prossnro (Dog), ! 

505, 507, table, 5U0. i 

-Infusion yielded by, 402. j 

— modes of employ in on t o f, 4 02, a i id resul t s i 
ou man and on animals, 402-3. | 
-InvcstigatiouH of its Aetum, 

— in producing Death, 459, 400, 103'4, 
4S3. 

- — in animals, 4I»i. 

— in alfjcting tlio various runctioiis, 
403 et ieq. 

- -in its possible Medieirud uses, 403, 473. 

-Symptoms of, in auiimils, 

— Alusciilar weakness, 459, 402-3, 404, 
465. 

- — Vomiting and Purging, 458-9, 462, 
403,464. 

^Vessels affected by, 517. 


Cuscarilla, action of, on the Stomach, 567. 
Case of Poisoning by Digitalis— Re- 
covery, 99. 

Cash., Tlicodorp, M.n., (foint- author), fee. 

Frog’s l/eart. Larynx, 
Stnnniiia’s Experiment, jaud 
Valvular Action of the Larynx. 
Castration, Shock induced by, 398. * 

Catheter or b«)ugic,VS1iock indi’iccd by tho 
passage of, 398. 

(’ats, 

-Action on, of 

— Casta .U:ipk, 450. 404. in various doses, 
483-8,490-9,501. 

— ‘Xiiro-glyeejiMc, 

Ociieral, 475 et scff. 

— Special, on va^ous orgaife, &c,, 
477 elftt'tj. • 

-Ilcring’a ex 

di ... 

Head :ii*i Hofly, 298. 

-Lurvnx in, 0.31. 

— exj'erimt'ijts on, 0.35, 030-8. 

Ventricular bands in, 035, 037. 

-Pulmonary pulsation in, after Chloro- 
forming, 52S-9. 

-Reteddug in, ill., (Ml. 

-Vomillng in, OtU ill., 041. 

Caustic causing Inllammation wlien 

plied to the web of a Frog’s 
foot, 445. 

CelHs), .9€e also U nieellukr Organism. 

-of Higher Organisms, 

--■Respiration in. 041. 

-of Human body, llnid in whicli they 
live, ih. 

-Life and deatli of, 2:7. 

Cell growth, in Bronchitis and Phthisis, 
m relation to tlie use of Cod- 
Liver Oil, 570-1. 

Cerebral Centre for Voluntary Move. 
meu«s, (Ferrior), 14. 

Cerebrum, ueiion on, of Opium, &c., 
299 3U0. 

Cervical Ganglion, tho Third, associaliou 
of, witli Diabetes and with 
Exophfchaluiie Goitre, 416, 
422-4. 

Cervical 8ym|tallietie, the, os affected in 
exojvhtliolmic goitre, 42I-. 
Cetaceans, Larynx of, 628. 

Cliairs, Easy, On the Seieneo of, 531. 
Change of Colour, see Emotion and 
Charcoal Poisoning, .fee Carbonic Oxide do. 
Chauveau, see Marcy and Cliauveaii, 
Chemical Composition, On the, of the 
Nuclei of Blood Corpuscles, 
147. 

-Constitution of Drugs, in relntion to 
Physiological Action, 240, 
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0heTbi(«l liiftory of DigitoUs, 
-~Con&tituent-3 of 
— Anfcirtbiiiio Aci*l, 3*.J. 
r— Digitalic lA., 37. » 

- — -Digitalide, 35. 

— Digit ulin, ih. 

— Digital ine, 3'(, 30 0. 

-^-Digitaloic Acid, 30, 

— Digitak sc, 35. 

— ‘Digitalosniin, 36, 

“P'cclin, 30. 

— SugHT, ih, 

— Tannic Acid, ib. 

Chest, the, Blister applied to, in Preu- 
inojiifi, acting as a Counter* 
. irritant, 423. 

Chloralf; ^ 

-j^clion 6f, on llio 
--Cerebrum, 209-300. 

— Bespiratorj uuisoles, 300- 
-Death from, Effects Of Warmtii in Pre- 
venting, 197. 

-Effects of, as regards 
—-Muscular co-ordination, 197. 

— Pulse, ib, 

—Respiration, 197. 

—Respiratory JS'errous Centre, 651. 
—Sleep or coma, 107. 
i^Teraperatnre reduction, lOS. 

- — Experiments in relalicm to, tahlex^ 
198-204, and deductions there- 
from, 198-9. 

-in experiments on Rabbits’ Ilcavts and 
Temperature, 213 seq. 
Chloral Hydrate, effect of, on the Bloorl, 
in Artilicial Cinnilfuion in 
Isolated Organs, 336-7. 

-and Atropia, antaijonisni Intwecji, and 
Casca, 525 7. 

Chloroform, in Linctus, and Solution, 
-Action of. on 
— Cough, 663-4. 

—Dogs, 267, 337. 

—Respiratory centre, 566-7. 
i — when Bronchially inhaled, 332. 

-One of the Causes of Death during flie 
Enrji<!lion of Teotli under, 
427, xee aho 338. 

— Tmporlancc of giving full closes of, 
427-8,435-6,437. 

of T)osition of patient under, 432-3, 

437. 

—successful use of, reasons given for, by 
Prof. Lyme, 427. 

Choking, as a cause of Cough, 667. 
Cholera, the Collapse of, On the Employ- 
ment of Kitpito of Amyl iti, 
[nvith .Experiments upon the 
Ihilmonary Circulation], 359. 
-Symptoms in, 361. 


Cholera, Symptoms in (co»L) 

— arrested Pulmonary circulation, 365. 

— condition of the Blood, 8(14, 3C5, 
note^ 367. 

— Arterioles in, 366. 

— Pnlmonary Capillaries in, 365 8# 

— Paralysis of Intestinal Nerve.?, (prob- 
able), 363 (, 

— Rice-Water Stools, 301. 

— composition of, 362. 

posj-iblo cause of, 363. 

— Thirst, 361, 364, and Dryness of Tissues 
after death, probable cause 
of, 364. 

-suggested use of Nitrite of Amyl 
in, 140. 

-Treatment indurated by Symptoms, 363. 
— necessarily empirical, 369. 

— Nitrite of Amyl in, 

— Actioit of, on the Pulmonary Capil- 
laries, 3.59-61. 

—Oxygon in, 359-61, 369, 372. 

Chorda TympaJU Nerve, 

-effect of irritation of, on Saliva, ^16. 

- do. after administration of Atropine, ib, 
CircuktioD, .fee Arterial, Arteries, ifc., 

«/.vo CapillanCv? a«fl>Artificii), 
ami Pulmonary Circulation. 
-Action on, of 

-Dusca Bark, 458, 460, 467, 493-4, 499 
el seq.y diag. 502 tahle^ 606. 

— Do. on the same, and on the Urirary 
Secretion, tahUe, 502-4, diag,, 
579, remarks 519. 

— Counter-irritants, 277. 

— Digitalis, 41, 44, 

- — a? affecting 

I Arterial I’cnsiou, 54 vf. 45. 

(kpillarics, 55. 

Pulse, 46. 

— Drug.^, (Leech), 27. 

— Quail titu.ti»e Experiments on, 

(Blake), 7. 

— Nitrite of Amyl, K4. 

-Capillary refistance to, fir.st invostigated 
by Young, 4, 

-effovt of modifications oF, on Internal 
Respi rat ion, 64-4 -5 el eeq. 
-extruded knowledge of, w'ork of Ludwig 
in conned’ on with, 8, 9. 

I -function (f, in rehitirn to Muscular 
Waste Products, 634. 

-in the Living Body, 272. 

•^^obsl ructions U», as seen in Chfopic 
Bronchitis, o43-4/ 

^ -Pathology of, 277-8. 

-Schema of, /7L, 270. 
rsequenco of, how maintained, 430. ■ 
-speed variation in, in various parts simul- 
j taneottsly, Harve^ pn, 9, lO, 
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Circulation (coni.) 

-through musolofl, on what deponclont, 
(Ludwig and Sadler), 14, 31. 

-of Warm and Cold Blood, 207. | 

Circulation and Respiration, Ffl'ects on, of 
* Conduraiigo, 350-7. 

Civet, Larynx in, 033. 

Clark, Sir .^drew, death of, 1, 2, 
.27-8, 

Climate, as affecting the Action of 
Drugs, ^35. 

-or soasoi^l as affecting Posture, 531. 

Closure of the Glottis, sea Glottis, 
Closure of. 

Coagulation of Blood in the Capillaries, 
ns the o.iuse of Slasis, (Weber | 
Brntliers). 448-9, 454. ■ 

Conti, Larynx in, 032. | 

Coats, see Ludwig and Coats. i 

Cobra di Capello, Poison of, 1 

• death of Babbit from, subsequent Pul- I 
monury pulsation not due ’ 
to, 53.S. i 

-Pliysiolcigicai Aetion or, 381, 385, 380. j 
Cod-liver Oil, ill Bronchitis and Phthisis, ; 

immense value and probable i 
ration of, 570-71. i 

Colli, see also Heat and Cold. 

-action of, in relief of Tnflammation pain, ; 
449, 454. 

-Heat, and the Aetion of Drags, Modift- 
oation by, of tho liff(‘ct of 
Eloctricoi Stinnilalion of the 
Frog’s Heart, (with Theodore 
Cash), 574, 570. 

-T-Action of, on the Proi^’s Heart, 

— Effect on the Cooled Heart of 
- — Electrical Siimuhitioii, 675, 677, 589, 
591,000 

Auricular, 

-Maximal, 591. 

Minimal, 590. 

V'^entricular, 

“--Maximal, 590, 

— -Minimal, 589, and on the 
- -“-Venous Sinus, 

— -Maxin^al, 593. 

- Minin al, 591. 

Cold air, inhalation of, and Cough, 
508. 

Cold feet, relation of, to Brain Activity 
explained, 12. 

Collapse, (.vee a?.vo SI ock), cerlaiu causes 
01,399-400. 

-the, of Cholera. On the Employment in, 
of Nitrite of Amyl, [with Ex- 
peritnents upon the Pulmonary 
Circulation] 369. 

Colocynth, purgative action of, applied 
eitlhmlly, 0. 


Comparison of the Effect of Drtu’S on 
Diirerciit. Aniimils iii 1». IT* reiifc 
Doses, 291. 

Competency, tlj-j, of the •Tricu-piil uml 
Mitral Valves* On a Simple 
Instrument for Exiimin- 
iiig, 537. 

Conjposition, see Cliemical Cotnpi>f»iii;m. • 
O' nditions of HealtlPand rds.^:i{*-j^ 22 
Condurnngo, Physiological Action of, 310, 
-Extract of, 

— Characters of, 340. 

-“-Gemral Action of, on Frogs, ih, 

on Mammals, 342. 

Po.-t-Movtnn Exsnnimdion after Ex- 
periments on, 3 J 3. 

— Results of Kxperimtyrs on, 34L*35«S. 

Ktlocts of on, • 

—Circulation and Oospi ration, 450-7. 

on Arlcrioh s, 357. 

-—--Koih'X A( tion, 815. * • 

- Conclufioris reganling, XO, 

-supposid action of, in indneing Ihnbollpm 
of the Pnini 'iiarv Aitery, error 
note I, .330-1. 

Conge>tion, dclinition of. 

— two poijsiblc ei>n(Uliot!8 of the Blood 
in, 438. 

— Arterial, or mtive, congestion, 438 9. 
— Venous, <.r passive do., 439. 

-due to Cougli, 5t)7 "9. 

— l)rugs lc.s.seniui?, 5G7-71. 

-how^ produced, '111. 

“ill relation to Inlhimmation, 433, 439, 
441, Pasiet on, 447, a/ut .’fee 454. 
-protraeted, Hypertrophy caused hy, 440. 
Cniiia, action of, on the Vagus, 31 4'. 
Couium, Vapour of, Aeiiou of, on 
Cough, 554. 

Constitution ynd Idii sMicnisy, affecting 
the action of Drugs, 238. 
Contractility of Blood-vessels, inilepcn- 
dent, and inherent, 11. 

-A^eins showing, 512, 

— uses of, 513. 

Contraction, .see also Cardiac do. 

-of Arterioles eunsed. hy Digitalin, 141. 

— proof of, 1 13, -145 0. 

-of Blood-vessels, uuivorsal, enused by 
Irritation of a Sensory Nerve, 
(Ludwig). 413. 

-of the Pulmonary Capillaries, effect of, 
on Respiration, .331. 

— action < f Muscarin in causintr, i/L, 332. 
-sequence of, in the Heart, 520-30. * 

-of Veins, local, 511. 

Cooled Heart, see Elect rioal Stimulation of 
tljc Frog’s Heart, subhead (6). 
Cooper, Sir Astley, eited Qr\ Death from 
Shock, 393-4, 482. 
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Co-prd nnting Apparatus of the C-irdiac ! 

Ganglia, in relation to Quick- 
ened Heart A ction, 31 5 . 

Coronj rjr Artlries, os'^i^cation of, and 
Auj^na lV*tori:», 19. 

<'orj>ora cavernoma, liilation of, (Eck- 
hardt), 15. 

trorpuscles, see Blood Oorpuscleiii. 

Cough, causes of, 5(k* et seq. 

-definition of, 5(i2. 

-eltort exerted during, 

—congestion of the jugulars and oMier 
veins caused Ky, 5(50, 507- 0. 

—other bad results of, 5Gd. 

“methods of lessening, 502, drugs useful 
for, 507-71. 

— (^r) iremoving st^urcoof irritation, 502. 

— bj fainefcus, Solution, Spray, Vapour 

and Powder, 503-5.* 

— (A) lessening excitability of the nervous 

mcmiariisiu involved, 502. 

— by respiratory sedative?, 503, risk indi- 
catetl, 505. 

-nerrous centre for, 602, 

■ Vomiting as.sociated with 
— Drugs affecting, 571. 

4..'ougli mixtures, object? aimed at in, an 
instance of, 500-7. 

Counter-Irritants, On Irritants and, ^Yith 
^ Hernarks on 1 he I /«e. of Blisters 

in Kheumutisin, 138. 

-action of, on the Circulation, 277. 

- definition of, 4-38. 

Cow and Sheep, Larynx in. 029. 

Criclitoii, Sir A., use of Digitalis by, in 

Phthisis, 508-9. 

Cumulative Action of Drugs, 233. 

Curare, see also Woorara. 

-action of, on the Respiratory Miiscles, 

300. 

-poisoning by, (Herrmann), 472. 

Curare, AVirkuug dessclben, bei Aniyl- 
versuclien an Kuiiinchen, 150, 

158, 

Cutaneous Blood-vessels and glands, 
effects on Bodily Heat of the 
Contraction of, 14. 

-yerves 

- -as affecting the Respiratory Centre 
— '(«} tionnallv, 324-0. 

~(b) when affected by ihhalations, ?27. 

-^-effect of Stimulation of, on the Pulse, 15. 
Cyou, Rxporimeiita by, on the influence of 

Warmth on the externaUsed 
Heart of the Frog, 205 H seq. 
Cxcrmak, eUed on Closure of the Glottis, 
624-5.' 


T).\ttWTX*8 theory of Pangenesi.*, 38'>. 
Hnturia, action of, on the Inhibitory 
ganglia of the Heart, 314. 

Demh 

-from Casca Poisoning, due to Paralysis 
of the Heart, (LiebreiA), 48.3. 
-from Chloral, Effect of Warmth in 
Preventing, 19?!. 

-Cold Sweat at moment of, how caused, 
550. 

-during the Extraction of Teeth under 
Chloroform, One of Ihe Causes 
of, 427. 

— Insufficiency of dose, 428, et seq. 

explanation, 435-7. 

j - ••■:<liack, 428, et seq. 

I -from Shock, (Animals), while under 
' Chloroform. 338, 

; -(Huimin being.s), A’Jiley Cooper’s in- 
stance cited, 393-4, 432, if, 
j 428. 

I — caused by Alental Emoli )n, 39'.). 
j -from Syncope, due to 'rorlure, ea?o of 
I Alice Bruce, 393. ^ 

j -.sequence of, 377. 

! 3>eea])itatcd Criminals, Contractility of 
; the Veins shown \)y (Jbserva- 

i tion on, 542. 

i Deer and Gazelles, Larynx in, dilforenees 
I in, 029, 

I Delphi nia, action of, oa the Inhibitory 

i (Linglia of the lletirr, 31 4. 

j Depressor nerve, the, function of, 10. 

I Determination of Blood to a pari , (Paget), 
438 note. 

i Determination of the Exact Structures? 

I til rough which Dr ugs aUect 

I the Heart and Vessels, 290. 

j Diabcte.«, association of, with the iliird 
CtTvical ganglion, 416, 419, 
42 J, f//.425. 

-raw’ meat as remedy in, first used, 25. 
--use of Alkalic.? in, 426. 

Diagnosis, not the sole aim of the 
Pliysician, 6. 

Diaphoretics and Purgatives, mode of 
action of, 24-5. 

Diastolic sound, the, h^vv prvdu..*ed, 6. 
Digestion, 

-Action on, of, 

— Digitalis, 57. 

— Dover’s Powder, 63 h , + ‘ ’ 

— Opium, 5G5. 

Digestion, OhemLtry of , 23- ’■ v 

-some processes occurring during, as 
affecting the Blood, 23-6. ^ 
Digestire Ferinents, use of, in stiiniilafing 
Stbm.ach npd Intestines, 25. 
-System, Action on, of .Casca Bark, 
■',■494-5.' -^■■■■..■■* ■ . 
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Pigitalncrin, 36. 

Digitaletin, 37. 

Digitalic acid, analysis of, 30. 

Digitalido, 35. 

pigitaliO) 35, notion of, on tin small 
<? blood-vessels, 141. 

Digifcalino, 34, 30-9. 

Digitalis, On, with Some Observations on 
Urine. (Gold Medal Thesis, 
1866), 29. 

-action of, 

-on Artecjial Tension, 34, 52,54. 

— Experiments on, 103 et aw/. 

— on the Arterioles, 141, 143, 145'-6, 409, 
460, 470. 

— Pulse rate, as affectoJ hy, 145. 146. 

-in Uennett’a case of Angina Pectoris, 
185, 191. 

-on the Jllood, 43. 

- -on the Plood- Vessels, {mthA. 11. l\tever, 

M.D.), 141. 

— on the Capillaries, 55. 

- on tlift Circulation, 44 et aef/. 

-on the .pigestion, 37. 

- -Diuretic, discovery of, 1770., 32, (with 

Henry Power, M.u.), 412. 
■DiuretiscfcinAVirknng dor, {mit 11. Power, 
M.B.), 410. 

— (lersclbcn, woven bedingt, 410-11. 

• "- V'‘ersuclie darubor an 1 1 undo ange- 
stellt, 410. 

Kcsultale, 410. 

doren einatwoilige ErkUrung, 411. 

-on the Eyes, 67 8. 

•—on the Frog’s Heart, similarity of, to that 
of CascH, 468. 

— on the Human lloarl, 40-53, 473. 

— in Horses, on Urine, and Circulation, 
experiments on, -42-3. 

—on the Kidneys, similarity of, to that of 
Casca, 471 . 

—on the Kasai Mucus, 60. 

- on the Kervous Sy.stem, 66-7. 

• — on the A^vso-motor nerves, probable, 
412-3. 

—in Phthisis, as used by Sir A. Crich- 
ton, 568-9. 

— Physiological, on Plant.s and Animals, 
experiments, 39. 

—on the Pulse, 32, 46-9, J45, processes 
of, 505. 

— Tabil^ of Pulse, Urine, &c., while 

taking, 82 ei 

--oti Be^piration, 57. 

—on Sweat, 59-00. 

— on Tempera.turc, 65. 

— -on Tissue-inetamprphosis^ 34. 

— ^on tlrine, 60, tfwdj jfee tables, 82 et se^., 
and pp. 42-S, 

—on the UtonH, &c., 68. 


Digitalis, Action of (coni.) 

— on the Vagus, similarity of, to that ot* 
Casca, 468. 

— on the A’^ent ride, 315. -I 
-Analysis of, by Homollo and Quo- 
vciinc, 34-6. 

-Application.? of, intcrnul and external, by 
various nuthoritics, 31-4. » 

-Chemical History ol', 34. ^ 

-Mode of Action of, various objcrvers on,; 
68 ef setj. 

-Poi.«oning by, 472. 

— Case of, Kc(?overy, 90. 

-Poisonous Action of, sequence of, 41. 

— Pliysiology of, 49. 

Therapeutic Action of, 74 et xeq. 

— History of its use in Medicine, 451, 3-4 
el seq. * 

— A'arious uses of : 

in Ague, as Antispasmodic, 33. 

- "in Cardiac Droppf , 34.^^' 

— in Continued Fever, 33, 

- - - in Delirium Tremens, 33-4. 

as Emetic or Cathartic, 31-2, 58. 

in Epilepsy, 33. 

- —in Exophthalmic Goitre, 42 1. 

i — in General Paresos of the Insane, 33. 

i " — in Hienioptysis, 32. 

in ilcmicrania, 33. 

-in Aleiiorrliagia, 34. 

in Neuralgia, 33. 

as an Oxy toxic, 34. 

in Pneumonia, inaction of, L'll. 

in Shock, 499. 

in Strong Doses, 33. 

-in Typlioid, 33. 

Digitnlissic acid, (valeric acid), C3. 
Digitaloic Acid, 36, 

Digitaloiu, 36. 

Digitalose, 35. 

Digit alosmin, 36. 

Digitapolin, 36. 

Dihatation, 

-of Arterioles in relation to Syncope, 404 
et seq. 

-of Blood Vessels caused by 
^Division of A’^aso-inotor Nerves, 441, 414. 
— Imtation of a sensory Nerve, (Ludwig),. 
413. 

— Nitrite of Amyl in tliC, 180-4. 

-of Venous System, due to Shock, 431-2. 
Dilatation ami Contraction, Active, of 
Arterioles indepcndeully of 
Nerve-Centres, On the Action 
of Nitrite of Amyl on tho- 
Circulation and on, 174. 
Diphtheria, treatnrient of, by Anti^ 
toxin, 26. 

Disease and Healtli, Conditions of, 22o. 
-(JifferjCiit oife6t.s of Drugs in, 239. 
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'Diseftses in wldoli Digitalig has beeu^ and 
k, ernploved, 31-4, 71-7. 
Distention of Mollnvv Musculai^ O/gans, 
piik inihu?ft(i by, 16.‘ 

Diuretic A'iiion'of Di^ituis, On tlie, (ioiih 
Henry Power, M.B., F.ii C.9.), 
412; the sinie in German, 
i 410. 

-ns'^ of (Jasca bark anticipated, 473. 
r>og?, aZvo Hiinde. 

-Ac: ion on, of 

— Atropia, in diiTerent Doses, 291. 

— Gas .:a, 459, 4tU, in Anvrious doses, 489. 

- -Oiilorot’orm, 2o(>, 337. 

• Circii'ation of, aiVected by Xitrats of 
Amyl, 170. 

-HeatJ; a Serer^d, Life restored to, 
(nrjwn*8c(|U!avl), 375. 

-iTeart and Blood Pressure of 
— Action <jn, of 

■ — B »rlfl 50i^i do. in Binall dotes, 
r>( 5 7, 506. 

“KLdiiey and lAver of, Isolated, Artificial 
Circida^ion through, (Ludwig 
and Mosso), 335. 

-T.nrynx in, 030. 

— experiinenfs on, 335, 038-9, 

— Ventricular bands in, 035, 639. 
-Vomi'iui: in, 040. 

•Dolphin, La-ynx in, 028. 

Doom, ife« Kedwater B.m k. 

Doses, see Coin pari <on of the Kffects of 
Drug?, ^ec (lU'O Drugs. 

-and the Action of Dj ug^, 231. 

-different, of Casea, effect of, on the 
pro^’sAleurt, 40A 
-Homeopatliic, 235, 

-Large and small, ib. 

DoTcr’a Powder, act ion of, (antL-sudorilic), 
in Sight )S went in PiAthisis, 
(MiuTfll), 555, 556. 

Drop-«y, see Oardim* do. 

Drowning, Artilhial Kespiration in, 378, 
382. 

-Deaths from, probable future of Stpj'chpia 
in, as a re.storaiive, 323. 

Drugs, see Cold, Heat^ and the Action of. 
-Action of, on 

— Anim^ds, mot ho i of experimental in- 
A'eetigaiion, 241 et seq. 
^Bacteria and Vibriones, 214. 

—Coll Life, 229. 

— Oumulatire. 233. 

— Direct and Indirect, 230. 

-^-Local and Bemote, 7, 231* ' 

-'Fermentation, 245. 

— Fungiii*. ;• ■ ■ C.; 

— ^Bwmoglobin, 

— iuflamxnt^tidn, 2^^^ 

, —Infusoria, 242. . . y 


Drugs, Action t f, on 

— Inhibitory nppirntus of the Heart 
(various), 314, 

— I|^ueocytee, 2-17. 

— Nerres affoctin r the circiilaHon, 274-76. 
— afreolintr the Resjuratory Centi^^ 

fa) inhaled; 327. 

(5) injected, ih. ^ 

' »xid;itioii, 247, 047-51, 

' -Protop’a.sni, 242. 

— Putrefaction, 246. 

— licspiratioii, see Rcsi>iration, itncl uu Icr 
names of Drugs. 

— Respiratory Nervous Centre, 654. 
-'Veins, need of further knowledge on 
644, as affecting, OoutiMctile 
Power of the Pulmonary 
C!i|>i Maries, 5 i8-9, 

-Vomiting associalc.l wuth ("ough, 571. 

— Chemical Constitut ion and Physiological 
Action, 240. 

— Constitution and Idiosyncmsy, 230. 

— (Jiscase, 230. 

-*1 ‘OSes. 231. ^ 

— 1 1 onicopathic, 235. 

— Large nnd Small, ih. 

— ll ibit, Clinmte, Fasting, atid Form of 
Administration, 235. 

-aim of expmimentB on the elfect# of 
local isatii on of action, 241. 
'“bejuilcial in combating Niglit-Sweatbig 
of Phthiiis, 551 tt seq.^ ditli- 
culiy of choosing among, 
55,“>“6, 

-Dcfconiiiuatiou of the Kxact Structures 
tlirougb Avhich ihey affect tlto 
Heart and Vessels, 296, 
-Kff.cis of, on' Differtmt Animals in 
Different Doses, Comparison 
of, 291. 

—^Quantitative experiments on, (Blake), 7. 
-Kxtcinal use of, Harvey’s know'leige 
of, 6. 

-Injection of, into the Blood, fiist tried 
by Sir Christopher VVreii, 6, 7. 
-Joint Action of, within the Anijpl 
OrgHnisin, On the AppaiSit 
Production of a New Effect 
’ by, 390. 

-llethod of Administering, to Animals 
under KxpcriTMcnt, 249. 
Dublin, Gbcdera Kpi^cmic in, of 1806, 
• ■ Use? of Niirii^e of Amyl in, and 
, Oxygen, and result»/359-01- 
Dugong, i^pypx of, 628. - 

Dybkowsky’s theory of the Mode of 
Ajctiott of DigitaHs, (and 
-oOmTS);.?!.;. ■ 

D^\6pnoeB/653, define .1, 383. 
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iit Rabbits, see under N 

Rabbits. I 

Easy Cliaira, On tho Science of, 531. . | 

-climate or season as aifecting Venture, i 

^ 631-2. I 

-CBBen^aals in perfect, 533. | 

-fatigue as affecting Posture, 532, 535, 
53 , 5 , rationale of, 533 -4, 
-shampooing in relief of Fatigue, as 
adjim-Jt to, 533, 636. 

-sitting or squatting postures in different 
' countries, 531. 

-Vy sltape, the most reposi^ful, 533, 
536. 


Effect, A New, Apparent Production of, 
the Joint Action of Drugs by, 
within the Animd Organism, 
39). 


-of Drug«, on Cell Life, 229. 

-of Elect dcfll Stimulation of the Frog’s 
Heart, and its Modification 
by Cold, Heat, and the 
Action of Drugs, {with 
Theodore Cash, M.D.), 574, 
576. 

—Note regarding, 572, 

-of Heat cJud Poisons upon the Heart 
of tl Frog, A Simple 
Method of ileinonstrating, 
455. 


-of Warmth in Preveutirig Death from 
Chloral, 197, 

l^icUwald, on the Pathology of Angina 
Pectoris, 191. 

Eiwoiss, bei Digllalis exp^^rimonteu im 
Harn gef unden, 411. 

Electric shocks and constant currents, 
effect of, ou the Blood, iu 
Artificial Circulation in Iso- 


lated Organa, 33G -7. 

Electrical .Stimulation of the Frog’s 
Heart, &c., Note regarding 
t)»e effect of, 572. 

-On the Effect of, and its Modifica- 
tion by Cold, Heat, and the 
Action of Drugs, {with 
Theodore Cosh, M.D.), 574, 
576. 

—Area to which applied, 574. 

—^Conditions under w'hich applied, 

— ( /) in normal condition, 

—Auricular, 6|3;^ 576. . 

— Maj^al, 677, 585 6. 

-- - , 

— Veniriciifir, 573, 676. ' 

—- MAximaii 577. 681^, 

-- -‘‘Minimi; 677, 6^^^ 

“ -Venbua Sinus. S^ 

“—Maximal, 577, 687^8: 

-Minimar^677>^583r7. : 


071 ' 

Electrical StimiiIatiou,&c.,On tlie Effect of, 
— Conditions under which applied {cont.) 
“(5) under the influence of Cvld, 675, 
577, j389, 600 -i. 

Auricmlar, ' 'V 

— Maiimal, 591. 

ailinimal, 590. 

Vt-ntriciilar, » 

Maximal, 690.^. . 

Minimal, 589, and of the 

Venous Sinus, 

Alaximal, 593, 

-Alinimal, 591. 

— (c) under tlio influonoeof Heat, 575, 
677,694,609,622-3. 

Auricuiar, 

I - MaxiiiJttl, 594. > 

- -Minima!, ih. 1 

Veiitrlcnhir. 

Maximal, 504. 

— Minimal, 593, ^land c/f the .> 

_V' orious Sinus, 

Maximal, 595# 

Miniinul, ib, 

(d) under t-l^e influence of Strvehuia^ 

575 , 59C, 6U et. sej,, 622-3. 

^ Auricular, 

Maxim ul, 598, 615. 

Minimal, 598. 

dmlriculnr, 

- Maximal, 507. 

Minimal. 596-7, and of the 

Wnous Sinus, 

Maxima), 600. 

Minininl, 599. 

- -SiTciigth with which applied, #574. 

— 'rime of cardiac cycle iiL whioluapplied, 
il/. 

— Transintssion of, 573, 619-20. 

— Two-fold conduction of, 572. 

Electricity, effect of, 

-afior injection of Ca.sca, ^ZO. 

-on the Vagus rojts, 391. 

Kiectrodcs for Nerve Stimulation in 
Experiments on Animals, 261. 
Elephants, Larynx in, 629. 

Embolism of the Pulmouary Artery, effect 
of, on Respiration, 330. 

-error regarding the Action of Condu. 

rango in producing, 330-1. 
Eo.oiion, effect of, on the Heart, Harvey 
011,9. 

^and Change of Colour, Harvey’s obser- 
vations oh, 9 10, endorsed by 
IVlilton, 10, 

-meohauism of, 10. 

Ejmpirical Treatment, Neosssity for, 

. 221 . 

Einergy, Evolution of, the distinguishing 
mark of Life, 224. 



:■/ . ... 

Exophthalmic Goiir\ 4li>* Ij Ki^rimenW Inrcsti^alioUi &c.; ) 

-itisc of Pigitnlis in, 33. , ; 4 : . ' r-ll. Action of on Protoplasm ; 

-nso of Nitrite of Amvl in, 140^^ / :v Qenenil Biroctipna fop Ex- 

Ergot, Contraction of Blood •Tessokcausd^il perimeiital Izimtigation, 2'l!L 

by,4K),473. : Csntion, 342. 

Ergostat, Gartner’s, in Tiwtmeiit i Of — on Bacteria and Vi briones; 244. « 

Heart Disease, 23. “--Fermentation, ami Ftingi, 245. ? 

ICainaceus Europoeus, Laryzix in, 631. — -Inflammation, 24S. ^ 

ICiTotberi ^des Kantnohenohres, niich — r-Infusoria, 243/ 

Etnathmung de?} salpetrig* — -LcticOcyfces, 247 * 
sauren Amyloxyds, — Oxidation, i6. 

i>yAropA/>*K«i On the Physio* -—Protoplasm, 242. * 

]oa;lcai Action of the Bark of, -“Putrefaction, 240. 

(Oesea, Cass.'i, or Sassy Bark) — Steps of an Investigation on Animali, 

(wM Walter Pye, sr.H.c.s.), 249r#jfe7. 

^ 458, 481. — — AdmiuistmtiOn of Drags, 249. 

Ether, dt on Ana'sthetic for Dogs, (Scliifl), Various Cliannels of, 251, 

«' 338, ill. 254. . - — Minimum. Fatal Dose, ib. 

Excitants to tlie Respiratory Nervous \ Observation of Effects, 250. 

' Centro, 653. j -——of Excretion, 231. 

Exertion, effect s^of d^ereut forms of, on — ^“Results of, and their Interpreta* 

the Mfuaclcs, 18. tion, 250. 

ExliuuBtioD, coiKsequeut on Night-sweats — —Mode of Securing the Subject and In 
5u Phthisis, probable eoniinon struments required, 2^3, 253, 

eHUfe of both, 345. liow to make the hitter, 255, 

Exophthalmic Goitrei Cases of, 414. 250. 

— Spasmodic in qhametfr, (M.M.) 415. rNarootising Subjects, 5% {cf, 338. 

— Typical in eb&cteri (S.l\) 416 et seq, and «V/., 254). 

-Pathology of, 424. Action of the Narcotics used, 258. 

*Syraptom8^f, "Procedure during, 

—tlie chief, 414. Introduction of Cabnuhe, 259, and 

“-“the collateral, 421, 424, ««(d 410-20, “ Injection of fluid, 260. 

-Treatment of , byr * ' Nerire Division and Stimulotion, 261. 

—Drugs, - (Iron iinsuii cd to, and why) ! - —Respiration, Artifieial, in the Frog, 263. 

(Troussw^^^ I of Gases and Vapours, apparatus for 

r — Digitalis^ 424. | int^neing, 264, t7/., 265. 

— Veratria,f3. ; - — in Mammale; 262. 

—Qalvanism, 424-6./ ^ — Crtuuulie fo?, 

Expectorants, in Bronchitis and, Phthisis, ' -fIL Ai4iflcial Ctfculatiou, Investigation 
669-70. of Blood Pressure. A’ce Arti- 

Experimental Investigation of the Action fmial Circulation and Btooii 

. of Medicines, 220, and see Pressure, jree Appendix to 

/jAp;^hdix/ > this Lecture, p. 335. 

-I. Stand^d W Ilftblth, 220. -IV. Determination of the Exact Striic- 

-"^Cells, lAfe And Heeltii of, 2 tures through which Drugs 

"^ConditioiSs (Sf Heafth and Disease, 225. affect the Heart and Yessel^r 

—Drugs, Action of, on Cell Ijife, 229. . • 290, ^ 

““^Outnulativo, 233. —Blood Pressure, 

-^^dlirect and Indirect, 230. i — Changes in, caused by action of Dnigs, 

——Local and Hemote, 231. ^ modb of determining whether due 

**— “Klfccfc on, off; ^ ^ lo Alterations in or 

■,:„.....Chemical'€onstiURm^^^ 

A logical Action, ^ Caiisq ot Symp- 

;.:;.:-^i0tiititution-atia'^^^ 

' Disease,. 239/'., A ' ■" Mode of, ,293; 

“Doses,. 23L. :■ : • >/;>'. ■■ - / T^BegisfceringAlto^ ^eart. "BeatS) ' 29iL 

. .■-^./:-^Howreopathic,'234ir=^^r^A//;:'A;^,i^^A\-A^ ’ ■ ■A,\: 

"“-■■^“Large andsmalh ‘':Va- 

Ea.b»t/..pliraate Q^ibiteiw.by'D 29-iM7.. ’ . 

■■■ ■ Administrafeio^''205, J^Ugis^97 et seq* . 
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(eonl.) 

V^ l)ofcerminaUon; &©. {coni:) 

*— Xefvous STstcm in the Heart, {diaff.)^ 

... 311- . . 

Accelerating gjinglia, 314, 

.-.r— cumulation af, by Drugs, 314. 
—'‘Cardiac Ganglifl, 

— -Co'or'Jinating Apparatus of, in 
quickened Heart beats, 315. 

— ^Stimulation of, in the same, 294, 

— Inhibitory Ganglia, 310. 

-ActSbn of Drugs on, 311, 314, 

. -Motor Ganglia, 314, 315. 

-V''. Kespirstion (Appendix), see also 
Ilaunoglobin. • 

Apntea and Dyspinra, defined, C53, 
production arid prevention of 
the forrner, 054. 

— - in Ctllg 

cojnposing the Higher Organisms, 
643. 

in DnitJellular Organisms, Hk 

--dUtinetion between, in free and 

♦ fixed Cells, G44. 

— irxtonial, in Man, 

— - ll unctiorf of the Limgs in, G44. 

how exercised, 651. 

— ill the FAig, 

- rr— Function of the skin in, 651. 
—Internal, 

• defined, 64*4.’ 

effect on,' of ^ 

-action of substances depriving Hosmo- 

globhi of its oxygenating 
power, 64G. 

— niodificatioiia of the Circulation, 

644- 6. 

— effects of the above on the Tissues, 

645- 7. . 

— Respiratory Centre, 

— Kxcitabihty of, how induced, G53. 

- 'how it may be modified, 

— (1) by the Tatnperature of the Blood 
, in it, 654. 

—(2) by . the action on it of 

I)rags, ib. 

— -Exeitants to, 652- 3, 

- — dependent on 

-'•-^r'Excit ability of the centre, 653. 

- ■^“ “extent of irritation appli^t toit,f7;. 
due chiefly to A^’enosity of the Blood 

\ in tW Medulla, 653^1. \ . 

''V-I.^Bespin^ou, ' • W 

— Accclenitiotf of, by Rragp^? caiiseg to 
' wHoh it 

— -Sxcite&ent -of . ^fci^i^ol'W^^-Ner.roq.s-.. 
■- aeidre8,-M0^^V;'v: 
r-Iucrcased/ifemp^urtSj.^2D.^^^^^ I 


67a 

■;Experhnental Jiiyefttigation, Ac, 

-yi. lifspii’ation, &c. (eonL) 

-^-Vcnbeity of the Blopd, 329, 

Causes ^ 

— ^Proviiiition of Air from reaching 
Blood, 330. 

-> ^-of Blood from reaching Air, ^tV^. 

- How tbi^ lust uiuy he rff'ei;ted by 

I Contraction of tlie riilmonary 

' Capillaries, 331. 

^Action of Muscariii in causing, 

- :;i'f.,332.. ■■■ ■ ■ 

by Embolism of the Pnlinouary 

Artery, 330. 

Action (supposed) of Con- 

durango in causing, ib, 

^^"by Stoppage ^ the IreJit, 3i>0. 

— Action of Quiniuc iu induc- 

ing, ib. 

Experimental Physiology, tho t«o chief 
. modevh exponi^ts of, S. , 
Experiments on the lulluenee of Digitalis 
on the Pressure of Biood iir 
tho Arteries, tables and i//., 
103. 

-upon the Pulmonary Circnlntion, On the 
Km ploy li^ent of N itr i te of Amyl 
in tho Collapse of Cholera, 
w’ith, 859. 

External Respiration, 614, 65 E ^ 

Extraction of Toctli liiider Oliloruform, 
One of the Causes of Dealli 
during, 427. 

Eye(s), see also Eiweiss, Pupd. 

-Action on, of Casca, 461, 472, 

-as alTected by a grain of Sand, if soon 
remyveil, and if allowed to 
lodges' 444. 

-the, PJiygiplOgical Action of Digitalis 
on, 67. 

Eyeballs, Protrusiph of, in Exophthalmic 
Goitre, 4l 4 

-prohablo causes of, 423-1, 425. 

l^^-elids, impaired motion of, iii a case of 
* Exophthalmic Goitre, 41 7, 421. 

-causes of, (Von Graft), 424. 


JFACE-i^J.lTSiiiisra, produced by Eitrite of 
Amyl, 138, 154, 179, 474, 
:176k^ 

Faintingv(#ee 83 meope),.P^^^^^ of, 403* 
Eulso y deal Cords, ih nfialion to Closure 
■; 4;tfeaiottis, 625 -7, 640,642:. 
-develophmfc of, in different Animals, in 

rala^^bh fco^ 

4Moveu dnts of 
— itt ■Phoaatioft, iji. 
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Et^biGB of the Muscle^j. ;f ^nc ion of, in 
relttfcibn to Waste products, 
634,635« 

Fasting as affectljig I lit Action of 
/ DrugJi, 235. 

Fatigue ns affecting Posture, 532, 535^ 

-CaiV^e of, explained, 533. 

Fatty Degeneration, Hsci^oglobin in rela* 
titfii to, 646. 

Fayror, Sir J., k.c.s.i., (joint 

author), see Pulmonary Vcin^. 

Felidte, Larvnx in, CSO-l. 

Fermentation, Action of Drugs on, 2i5. 

Ferments 

-dt^riyod from Solid Ojgans, uses of, 25. 

— ^Harveyjfl jtioneep application of, id, 

-Digest ivej uses of, ^5. 

-Organi&ms producing, Pasteur’s dis- 
coTcries concerning, 2G. 

Fever, Quick Pulse a prominent symptom 
<: of, 4 S 5 . 

-in relation to Temperature, 205 e( seq., 
210 11 . 

Fever and the converse, simulated in 
experiments with AVarm and 
Cold Blood, 267, 

Fick*a Kymograph ion, see Kymographion. 

Fifth (Cervical) Kerv'c, 

^etfects of division of, (8inil.zin), 4U. 

-Heart’s action as influenced by, 434. 

Finger, congestion of, caused by a liga- 
ture, 43 "t, duo to veiioiu 
bluod in capillaries, 439. 

Fire-h^at 

-vn relief of Burn pain, 449-50. 

Fishes and Frogs 

-Action on, of 

— Casca Bark, 458, 463, various doses, 
490-1. 

Flashing of Kabhit/s Kar, see Babbits. 

Fontana’s experiments 

-on the Organs Es ential to Life, 374. 

-on Viper Poison, 381, 385. 

Food, Me Warm Food, 
r Foot, see Frog’s foot. 

Foofc-etoohj uses of, 533. 

Form of Administration, as affecting the 
Action of Drugs, 235. 

Foster, Michael, and Experimental 
Physiology, 8. 

Fowls* blood, ojpperimeuts on the Nuclei, 
or liSooids, of, 147 ei seq, 
PlgitaiisX 31- 

Fraser, {see also Bveyrn, Crum, and 
Fraser), researcbes of, on 
Calabar bean, and their results, 
■ 478 .,-. 

Friedrich^s division of Angina 
‘ Pectoris, 191; 

IWght, death 


Frogs, see also Fishes and Frogs, <i»d 
Frdsche. 

^Action on, of 

— Casca, 458, 40il, 463 et seq, 

-VNi t ro- gly ccri ri e, 

General, 474 e6 seq, 0 

— Special, on various organ.% Ac., 477 
H seq. 

- Artificial circulation in, 319. 

— ilespiratum in, 263. 

— as affected by shook, i7/., 401. 

-Blood Pressure in 

— ^Action on, of Casoa Bark, 601, 
diag, 502. 

-Circul .tiun of, as alTect' d by Nitrite of 
Anjyl, 174, 178. 

-dilTerence of inuseuiar sensibility in 
different species of, 478. 

-Foot of, irritation of the web of, micro- 
scopically observed, 445. 
-General xAction of Coudurango on, 3'F). 
-Heart of, see Electrical Stimulation of 
the Frog’s Heart, .Effect 
of, Sec. ^ 

— Action on, of Casca Bark, 499-501, and 
see 525, and of Digitalis, 467-8. 
— Simple Method of Demonstrating the 
Effect of Heat and Poisons 
upon, 455. 

— Stannius’s exporimont on, described and 
explained, 557-8. 

-Heart of, (cxciHOd), experirrn nU on the 
—Action of Drugs on, 304 et sea.^ 
‘ J|05. 

— Effect of Warmth on, (Cyon), 206. 

‘ •Stopping by Shock, (Golfz), 431-2. ^ 

- Lungs of, effect on, of suilden changes 

. of temperature, ili.^ 833-4. 
-Mnsedes of . 

—Ariificittl oxy 2 enating of, (Kronecker), 
377, 615. 

- effect on of joint action of Strychiia 

aud Nitrite of Amyl, 390-1. 
— Ke-vitaliziug of (Preyer), 375-8. 
-Motor and Sensory Nerves of 
— ^aVciion on, of Casca, 622. effects of, on 
Reflex Excitability, 523-5, illy 
523. 

-Pulmonary Capillaries of, Action on, of 
Drugs, how observed, ill.y 333. 
-Skin of, respiration by means of, 651, 
Fungi, Action of 1 hugs on, 245. 

Frosehe,; Beobachtuagea uber deren 
Schwimmhattt ^d Zungo 

-"Wirkung des sal^trig-saurea Amyl- 
dxyds^ auf deroa Blufc- 
skrom,t64. 
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GALTANifeM, ia Kxophtlialmic Goitre, 
(Meyer), 4:i4-0. 

G.mgKa, see Cervical Gani^lia others 
under names, see also Nervous 
centres. 

-of Medupfe, producing rhytlimical move- 
ments of the bell, (Romanes), 
♦» 572. 

Oiirtncr’a Ergostat, 22. 

Oases, Actron of, on Cells, 2 19. 

-Effect of, on Ilsemoglobin, 646. 

-or Vd|)our8, Artificial Kespiration of, 
apparatus einplojoi for, 264, 
ill,, 265, 

Gttskell, died on transmir'-sion of Stimuli 
in the Frog’s Heart, 673, umi 
Hearts of other Cold B’ooded 
Animals, 619. 

Gastric glands, chemieul changes in Blood, 
]>rodu(‘cd by, 23. 

Gefassn erven, Veriinderungen des Ar- 
otoriendurch-messors von den 
Erregungen dorsclben zum 
Af- Thcil unablijiugig j A'cr.«iiehe 
daruber, 159-60. 

Gefasierwci enmg. iiacli Einuthmung des 
sal pet rig-sauren A mylox\ ds, 

''>*wie herbeigefiibrt, 150. 

Oefa.sswand, Eigeabevvegung derselbon, 
160 ’ i; 

-Wirkungdes aalpetrig-sauron Ainyloxyds 
nuf derselbon, 164. 

Genitals, see Abdominal A^iscera, also 
Castration, a»d Uterus. 

Germination, Action on, of Casca Bark, 
« 458, 493, 

Germs, in relation to Disease, 26. 

Gesiebt, plotzli^^hcs Errotlion dessclbcn, 
von dem salpetrig-sauren A my 1- 
oxyd herbeigefulirt, 154, 159. 

Gland- juices, see Pepsin, Thyroiil, and 
Testicular. 

Glands, see Lachrymal, Sfdivary, Sub- and 
BUpra-maxillary, Sw^eat, asid 
Thyroid do 

-blood -supply of, incrosised during secre- 
tion, (Bernard), 13. 

-digestive, function of, 23, 

-kept alive by Artificial Circulation, 
(Ludwig), 376. 

Glandular activity and the Heat of the 
body, 13. 

Glottis, Clo.sed, Griitziior’s picture of, 

$ 26 . 

-Closure of, 

r-iu Coughing. 662, sneezing, vomiting. 
Ac., 624, 640, 642. 

^iu relation to fixation of the Thorax, 
624,634*642. 

—by VentnemaiN bands, 639, 642. 
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Glottis, Closing of (coni.) 

— ^iii Vomiting, 624, in relation to the 
development of tlje False 
vAcal cords in aifferent classes 
of Animals, 640-2, ^ 

Glottic types of Tja^ynx 
ACavernous, 628, 633-5, » 

“Composite, 630-3. 

“Simple, 02S, 629-30. 

Glutinous and saccharine substances, 
action of, in relief of Cough, 
663 ei seq. 

Glycerine, oc ion of, in Cough mixture, 
5t)6-7. ^ 

Goitre, KxopJitbalmic, Cases of, 414. ' 
-Pathology of, 424. j 

Goltz, Prof., oxpeiimjiiit by, on Stoppage 
of a Frog's Heart Shock, 
431-2. 

Graves, observation by, (m Exophthalmic 
Goitre, 414. * 

Graves* Disease, see Thyroid Gland 
Graphic method for measuring Blood- 
Pressure, (Ludwig), 9. 
GriUznor, picture by, of Closed Glottis, 
625. 


IIahit, as affecting the Action of 
Dnig.s, 335. 

JlaMundynainomcter, tlie, of Poiseuille, in 
Quantitative Experiments ou 
the Effects of Driig-s, 7. 

-llie registering, of Sttschenow, and its 
u.si’s, 62. 

Hminoglobin, function of in feeding tissues 
w«h oxygen, 644. 

-Effect Qv, of certain Gas's, 646. 

-in relation to Fatty Degeneration, ih. 

“Test for presumed alteration of, by 
druj;?. 647 ct seq, 

Jlmmorrhagp, collapse from, Transfusion 
in, 386-7. 

Hfemostatic use, anticipated, of Oasoa, 
473. 

Hales, Stephen, first to measure Blood- 
pre-sfure in the Arteries, 4, 
2 ( 9 . 

Haller, on independent Pulmonary 
Pulsation, &c., 630. 

Hand, steadiness of, in relation to Holding 
the Breath, 634. 

Hares and Rabbits, Larynx in, 629. 

Ilarnsecretiott^ Geach windigkeit deiselben, 
w6v on bodingt, (Heriuann ami 
Ludwig), 410. 

-Wirkung auf derselben bei Digitalis- 
experimenten, 410. 

Harveian Oration, The, 1894, 1. 

2x2 
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ITavTeT, difnth of, 27, 28. ^ 

-liis 'kno»vlo%> of Drugs, used ex- 
tevniiUy, 0. 

^on the Admiilurotif Bloodfifroui various 
® parts of the body, 22 3. 

•'OU cures of !)i^east#s of the Circulation, 22. 
-on thlutation of the V«?n!i Cuva anit 
rulmonary Vq^us, 4. 

-on Massage fSr Heu rt trouble, 21. 

-some Modern De^elopiueuta of his 
Work, 3. 

-wishes of, as to Scientific Investiga- 
tion, 27. 

Head and body, mode of supplying with 
dilferent kiiuh of liiood, 298. 
Headache^ induced bv Nitro-glyceriac, 
^ 478, 480, 

-use of I^itrito of Amyl in, 1 lO. 

Health, The Standard of, 2iH). For snh- 
headp fiee under Experimental 
a Investigation.^' 

-and Disea!»e, Conditions of, 225. 
-diiferent effects of Drugs in. 239. 

Heart, see also Cardiac, Frogs, Ilorz, 
Kabbits, Mammalian, and 
Electrical Stimulation. 
“Accelerating Nerves of, 11. 

“Action on, of 

^^“Casca Dark, 459, 4' *7-8, similar to that 
^ of Digitalis, 473. 

—Chloral, 190. 

— Dimgs, 27. 

— Emotion, Harvey on, 9, 10. 
—-Over-exertion, .specially in growing 
boys, 18. 

■ — Nux Vomica, as a Stimulant, 501. 
^-PhyostigTua, (glycerine extract of), 523. 
—Strychnia, On the Ex])lanatioii of 
StanniiJs’s Experiment and on, 
Theodore Cush, m.p.), 
557. 

— as a Stimulant, 601. 

—of the Vagus, 10, 11. 

-Cat’s, Action on, of Casca Bark, 501. 

* -Dog’s, Action on, of Casca Burk, small 
dose, 505-7, taUe, 500. 
-Frog’s, Aetiou on, of 
— Casca Bark, 499-5<)l, and see 525. 

— Nitro-glycerine, 479. 

“Experiiuents on the action of Drugs on, 
304 et stq.^ ill., 305. 

—Simple Method of Demonstratiug the 
Effect of Heat and Poisons 
U|Son,455. 

— Stannius’s Experiment on, described 
and explained, 557 et seq, 
-—effect, after, of Warmth, in restoring 
Pulsation, 558. 

—Stoppage of, duo to Shock, Golta’s 
experiment on, 431-3. 


Ilcsrt (cont,) 

-Babbit’s, (.vee Rabbit’s Heart), stopped by 
an imal smcl i in g ammonia, lo /, 
439. 

Heart, 

-Cavities of, see also under names, t 
— Distensiou of, jain caused by, explana- 
tion of, (Ludwig), 1^7. 

— Inhibitory intoraetioii of, 020.’' 
"Contractions of, in nornnil and abnornud 
conditions, 5(10. 

— .H'quenee of, 529-30, ■» 

-Exterior insensibility of, (Harvey), 10. 
-Tiilcrior {?en#itivciu‘t>s, and the pain 
caused by press ur»», 19-20. 
“Heated, see Electrical Stimulation of the 
Frog’s Heart, suh-head (c), 
-Inhibitory fipi-aratiis of, Action on, of 
Atropia, 5 23. 

-Mammalian, 

— experiments on the action of Druiis 

on, 303. .. 

— InHiienccof Temperature on'tht* P\ils:\- 
tions of, and the ActicyiJ of tlio 
Vagus, 205. 

-Mmlern develo)>mcnfc of knowledge as 
to Diseases of, and Circ*u;a- 
tion, 3. 

-Muscular Fibres of, Paralysis of, 315. 
"Nervous System in, diaf/,, 311. 

— Accelerating Ganglia, Stimulation of, 
by Drugs, 314, 

— Cardiac Ganglia, Co-ordinating nj^para- 
tus of, in quickeuoi lleai*:- 
beats, 315. 

— Stimulation of, in the same, 291-. 
“"'Inhib’itory Oauglia, 310, Action of 
Drugs on, 311, 314. 

'—■Motor Ganglia, 314-5. 

-Palpitation of, in Exophthalmic Ooitre, 
414 et srq. 

— Causes of, three cniof, 

— Paralysis of the Vhgus, 421. 

— 'Ihdaxation of the Arteriole, 

— Stimulation of the Accelerating 
Nerves, ih. 

-Paralysis of, the cause of Death from 
Casca poison, (Liebreich), '183. 
— caused by inliibitkm due to Heal;, 
207. 

-Physiological Action of Digit^ilis on, 49. 
— as affecting, 

— Impulse of, 54, 

— Rhythm of, 53. 

— Sounds of, 54. 

-Pulsation of, after being cut to pieces, 10, 
and after removal from the 
body, XI- 

—mdependeut of its nerves, 10. 

-relation to, of Muscles, 16* 
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iTeoH {coni.) 

-Sounds of, diacoTcred by Iltirvcy, 5, 
other observers/ 5, (funsi-a of, 
described by (llendiuning, 
Williams and Todd, (i. 
of, ^ 

— due t.o impaired Cardiac Nutvitiou, 19. 

— flue to^liock, 393-4, 430-3. 

—-how caused, 434. 

— effect of Quinine in causing, 30. 

- effect of, on llespirafcion, ib. 

-V'alvuTar disease of, bearing on, of the 

C:)n traction of the Ihiimonary 
Veins and Vena Cava, 530. 

If cart’s A(;iioij, 

- flow QiiiulveTiod by Drugs, 

— by J.^aralysis of tlio Vagus, 205. 

- of its ends, fibres, imrl roots, in tlio 

Heart, 205. 

— by Stimulation of the Oar iliac Gan- 
glia, 204. 

—direct, caftlic S;^in path die, ih. 

-How Relardcfl by Drugs, 207. 

-Irrilaiion of Vagus rt^ots, vt xctf, 
—indirect, througU lUood pressure, 207. 

do., through Kespi ration, 300. 

— re Ilex, 200. 

“Irritatioiiilof Vhigus ends and fn)re.s, 301. 

— fnereased eomiuetiug power of, ih» 
raralyai.s of Cardiac Gunglui, 303. 
of the Sympathetic, ih. 

Heart -boats, 

‘-Kffect of each, on a Limb, (Mosso), 530. 

- Variation of Strength and Kate iiJ, 

(Harvey), on, 9, 

-.ffMcclianisni producing, (Weber, 
E. and E., and olhci s), 10. 
Heart-disease, 

- Diet for, during Rest, in Red, 21 . 

• Ling's system of Massage for, ib. 
-Symptoms of, 21. 

-t reatment of, rationale of varioiis forn:.s 
of, 20 et ,seq. 

Heart-strain, caused by^ sports in immature 
competitors, 18. j 

Heart and l.(ungs, the two Essential 
Organs to the maiiiteuaiice j 
of Life, (lluxlcy)i' 374. 
llciirt and A'essels, the, DcttMMnii)ation of i 
the exact Structures through 1 
■which Drugs alfect them, 200. I 
Heat, Hee Cold, Heat, and tho Aeiion of I 
])rugs, and Heat and Cold, i 
infra. 1 

-Action of, in causing Dcatli, author’s j 
view, 212. 1 

•- *on the Frog^s Heart. 

— Effect oii the Heated Heart of | 

- — Eleotncal SiimuJalion, 575, 577, 

594,000,622-8. | 


Hcfit, k(\ (coiH) 

• - Kleclriral Slimidation, 

— Auricular, — 

-Maximal, 591? 

-Minimal, ih. 

-Vcritrituibir, — 

— - Maximal, 594. * 

Minimnl'J 593, and cfl the 

Venous Sinus,- — 

Maximal, 595. 

Alinima), I'b. 

-aetiou of, in relief of Tnflanmialion Pain, 
449-50, 454. 

-ni'tion of, on the refractory period ii^he- 
Cardiac cycle, 577. 

-appIi(‘ation of, to the Cardf!i\l region im 
Syncope, 408. * 

-of the Rod}', — how maintained, 

gallons into, (Ludwig and' 
other#), 11. - 

— of Warm-air bal li versus that of Cotton i 

Wool in recovering Chloral- 
affected animals, 198, 199. 

Ifcat and Cold, action of, on tlic Heart’s 
pulsations, simple method of 
dciuonstmting, 455-7, ?7/.,456. 

• Effect of sudden alternations of, on 

Frogs’ Lungs, 333. 

Heat and Poisou.s, I'lffcct of, upon th(»* 
Heart of the Frog, A. Simple 
Method of Demonstrating, 455. 
iredgoliog, Larynx in, 629, 635. 
liering, experiment of, in supplying 
diH’creiit Xiuds of Rlood to 
Head and Body of a Cat,. 
298. 

iferz, keino unmittclbaro AVirkung auf 
dassclbc, von diun salpetrig-- 
sauron Amyloiyd, 164, 169. 
llcrzschlag, der, von dem salpotrig- 
sauron Amyloxyd bosclilcunigt,. 
(Guthrie), 154. 

Ilill-climbing, in relief of Cardiac pain, 
(Ludwig), 17. 

Hippopotami, Larynx in, 628. 

Holders for Animals to be Experimented' 
on, 

-Rernard’s, 252, ill., 254. 

-Brunt on’s, i'l., 254, his iiielbod of hold- 
ins?, 338*9. 

-Czermak’s, 252, ill., 253. 

Holding the Breath, in reialum to Steadi- 
ness of tho HamI, 0;U. 

Hollow Muscular Organs, pain induced 
by Distention of, Id. 
Ifomeopatby, 285, 

Horse(s), 

-Larynx of, 633. 

-Physiological Action of Digitalis on, 39. 
-Vomiting in, dilTieulty of, 640. 
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Howling Apes, Larynx in, 

-Ventricular bands in, 635. 

Human Pulse, see Pulse, Human. 

Hunde, see also Dogf. • 

*-Beobftclit ungen iiber die Oeffisse deren 
Skeletmupkeln, (Sadler), 160. 
-HigMalis-expefimente an, 410. ^ 

Hydwoyauic aeid, • 

-Action of, 

—on cough, 563-4. • 

—in relief of vomiting, 671. 

—on Bespiratory Centre, 566-7. 
-Poisoning by, 

— Artificial Respirjition in, 879, 381. 

— l^iyi^iological Action of, 381. 

Hyena, Lt^jinx in, 631. 

Hjoscyamine, action^ of, on the Inhibitory 
^ ganglia of the Heart, 314. 
Hyoscyamus and Oiidc of Zinc, in relief 
of Njf ht S wca| in Pli tliisis, 554. 
Eypettrophy as the result of Conges- 
tion, 44*0, case iliustraling, 
(Stirling), ih. 

Hypodermic Syringe, the, introduction of 
by Wood, 7. 


Ic* in relief of Vomiting, 571. 

.Idiosyncrasy, see Constitution and 

-Independent Pulsation of the Pulmonary 
Veins and Vena Cava, Note on, 
(w/M Sir J. Fayrer, M.n., 
K.c.s.i), 528, 

Induction and maintenttnee of Anaesthesia, 
in Animals, 256 seq.t 337- 9. 

InfectiTC Diseases and protective Inocuhi' 
tion, 26. 

Inflammation, Action of Drugs on, 24$. 

-not identical with Congestion, 440, 441, 
453-4. 

^in relation to Congestion, 438-41. 

-period of coimnenoement of, following 
Congestion, (CohiilLcim and 
Paget), 447, 454. 

* -process of, 

— microscopically obser^^ed in Frog’s foot- 
web, 445. 

Influence of Temperature on the Pulsa- 
tions of the MaminaUan Heart, 
and on tlie Action of the 
Vagus, 205. 

Infusoria, 

-Action on, of 

— C$ica Bark, 459, 491-2, 

—Drugs, 242, 491-2. 

Inhalation, see also Spray and Inhalation. 

Nitrate of Amyl, effects of , compared 
with those following i^^^^ 
or internal aduunistration, 
272 ^ 8 . 


Inhibitory Apparatus of the Heart, 
-Action on, of Atropia, 528. 

Injection of Drugs, introduced by Wren, 6. 

used by M.«geiidie to localise 
effects, 7. 

-Fluids, into Blood-Vessels, 260-1. ^ 
Inoculation against Infective Diseases, see 
Antitoxins. t 

Instrument, Simple, for Examining the 
Competency of the Tricuspid 
and Mitral V'nlves, 63'L 
Instruments needed for Experir^nts on 
Animals, 253. 

-Cannulfle, i\-tubcs and Pens, i7/., way.s 
of making, iVZ., 255-6. 

— Introduction and uses of, 259, 262. 
-Valves and stopcocks, UL, 263-5. 
Iiitermitlent versus Continuous action, 
effects of, on the Body, 18. 
Internal Be-fpiration, 

-defined, (544. 

-Effect on, of action of suhsi-ances de- 
priving llfDvnoglobin of 
oxygen - distributive ^power, 
646. 

— of modiffrationa of the Cirtmktion, 
644-6. 

Intestinal Nerves, Panilysie >of, (pre- 
sumable), in Cliolera, 363, 
Moreau’s experirnentin relation 
to, ill., 362-3. 

Intestines, 

-Action of Casca on, 4(51, 465, 495, 498-9. 
“Blood in, liow cliillcdnud how protected, 
various countries, Ac., 531, 
Intra tlioracic pressure in relation 4o 
Vomiting, 640, C41. 

Intra-tracheal Pressure, increase of, a 
cause of A^omiting, 640. 
Inve.rU‘brafa, as affected by (lasca Bark, 
458, 403, in var.iou8 doses, 
491. 

Investigation, Kxperimontal, of the Action 
of Modicines, 220, for sub~ 
heads see under Experimental 
Investigation, 

Ipecacuanha, 

-Solution of ,4 

— Action of, on the respiratory centre, 
555. 

-Spray of, &c. 

— Action of, in relief of Cough, 664. 
Ipecacuanha and Squill, 

-m relief of Chronic Bronchitis, effect of, 
on CEdema of the Leg**, 644. 
Irritants and Counter-Irritant, On, with 
He marks on the Use of Blisters 

[ in Bheumatisro, 438. 

I -benefits of, hpw produced, 4$3, 454# 

I -definition of, 438, ^ 
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Irritation of a Sensory double 

rfTect of, (l.udwi j), 44:1, 451. 

Iron, benefi< ia.l in Heart Palpitation of 
0 the AniPmif, 422 ; exception 
to the ap])lication of it. 

Isolated Organs, virtiliciil Circulation 
** through, (Ludwig and Mosso), 
3:i5, do. of different kinds of 
Blood, 33G. 


Jbjjnkr, intrndnclion of Yaccination 
by, 26. 

leaner, Sir W., tribute to, 2. 

Jenner and Parry, on Causes of Angina 
Pectoris, 19. 

Joint Acti >n of Drugs, tl^e, within the 
Animal OrgaruHni, On the 
Apparent Production of a New 
, Kffect by, 390. 

Joints, Rlieumatii; ailed i ms of, rclioTod 
^ by B;i^»ters, 153 3, 451-. 

Jugular, the, and other Veins, On Pulsa- 
tion. (or Pacudo-Piilsution), in, 
539. 

-as affect e^l by Cough, 506. 

-unilateral pulsation in, 539, case illue- 
t rating, StO-l. 

Jujubes, probable action of, in relief of 
Cough, 563. 


KANaAROOS, Larynx in, 63S, 034 5. 

IvHiiinchen (see also Ihibbits), Atlicm* 
bewegungen derselbeo bei 
Einathmung stark riecheuder 
Diimpfe eingcstcllt, 155. 

-Wirkung des aiilp(?!.riff"!auren Ajuyloxyds 
auf dereii Blntstroin, Versnehs- 
anordnung und Resultate, t7/., 
1 55 el. ieq. 

ICaninchenobr (see also Rabbit’s Ear), 
Errothen dosselben, nach 
Einathmimg des B»tlpetrig- 
sanren Amyloxyds, 159. 

Kidney-extract, therapeutic use of, 25* 

Kidneys, 

-.A.ction on, of 

—Castro, 4(JO, 470. 

^Digitalis, 412 -3, 471* 

-Dogs’, 

— Artificial Circulation through, (Ludwig 
and Mosso), 336-7. 

• — Effects on, of Atropia, Carbonic acid 
Gas, Chloral hydrate, Elec- 
tricity, and Nicotine, 336 -7. 

Knee-joini/!, requirements of, to secure 
H Rest, 532, 336. 
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Kronecker’s pperiment in artiftcially 
oxygenating a frog’s muscles, 
37 / * 

Kuhno, Prof., discovery of, concerning 
Nuclei of lilot^d Corpuscles,* 
147. 

Kymographion, tlio, n 

— Pick’s spring^pattoi'n, 144, ill,, 234. 

— Ludwig’s, 280-3, ilL, 23i. 

“Mode of using, 2^/5. 

-Pens for use with, 256. 

iuclion of tracings made by, 286. 

-Used in experimiM\t« w'itii Digitalis, 141, 
114, 145, noie* 

Lachrymal Gland, rCat’s),*'aS’ion on, of 
Casca, 519. « 

Laenncc, AnscuIt Jiiion of the Heart intro- 
fiuiu^d by, 5. 

Larynx, Valvnla> Ad ion '^f, (ia conjunc- 
tion with Theodore Cash, 
M.i>.). 624. 

•aspect of, in Retching, 624. 

-Bibliography, (j 12. 

-Cnnparative anatomy of, 627-35. 
-ICxpeiiments on tlu>so of 
— A pt‘8, 635, 039. 

— Cats, ib.f t)i)7-8. 

— Dogs, tV;!,, 6:^8 0. * 

— Man, th., 630-10. 

— Sheep, ib., 636-7. 

— Methods pursued, 635 el seq^ 

-Tinman, see Man, Lary nx in. 

-relation of, to 
— Cough, 562. 

— .\rovenients, 634-5. 

Laryngeal Nerves 

-as nfFecting the Respiratory Centre* 

— (/*) norinallv, 32tr 6. 

— (h) when affected by inhalatio’^a, 327. 
Laryngeal Phthisis, .sedatives in rehtf of, 
methods of applyii g, 564-5. 
Laryngeal variations, 

— AnatomicMl Classification of, proposed, 
by Mi'ne Edwards, 627-8c^ wg. 

I. Aglotfio type, 62S-9. 

TI. Simple Oiouic type, 628, 629-30. . 

Ilf. Composite type, 628. 6.30-2. 

I V. Cavernous type, 621, 632-5. 
Laudanum, (.vee also Opium), action of, on 
the Heart, 315. 

-in experiments on Rabbits’ Hearts and 
Temperature, 212. 

Leech, Dr, Croonian Lecture by, referred 
to, on remediril Trcaiment and 
m'^idifiontion of the Heart, &o,, 

I by Drugs, 27. 

I Legallois’ experiment on the Esseniiab to 
I life, 374-6. 
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Lfrgs, 

“ttCtion on, of each irearP-b^at, (3Ios o), 

rm. 

-posture of, bcj>t. suited to relieve swelling 
t of Fatigue, 535. 

-swelling of, 

--in ^ l» r«iTii c Broncli 5 1 3 -4. « 

—after Fatigue, cause o^, 534, how best 
re]«:oved, 535. 

-why drawn up in cold weather and viee 
tend, iiSil* 

Leucocytes, Action of Drugs on, 247. 
Liebreicb, I’rof., experiments of, on Casca 
litirk, and its action on 
\ Animiils, 48.3. 

Life, see Pr^orving Life. 

■-procp.ssp.s*iiT wlncli it consist s, 224. 

•“tlie Tripod of, 377? Huxley eiJed on, 374. 
Life and Ilealtli of Celts, 227. 
Lifting-Power of Mu>'<‘.le, cflTcct on, of 
*^;asf4l!, 521, 5)12. 

Light, Young’s Uiiduiatory Xlicory of, 4. 
Limb, see Leg. 

Linctue, Action of Drugs in, in relief of 
Cough, 503 (d scq. 

Ling system of Massago for Heart 
Disease, 21. 

Lion, L’irviix in, (330, 

- Ventricular bands in, 0.35, (M2. 

ILirer, (Dog’s), Arii(l«ial Circulation 
tlirough, Ludwig unit Alosso, 
335. 

"(Ilinnan), Vaso-motor Norve.s of, their 
eonrse, and coinieclioii wiili 
Diabetes, 421, 425, ill. 

Lining Body, the, Circulanoii in, 272. 
14111011, L'lryiix of, <332, 035. 

Local Aciion of Drugs, Ala.gciidu;\s investi- 
gutions into, 7. 

liOcaliriition of A(!tion, the aim of Experi- 
nicnls with Drugs, 241. 
Ludwig, Carl, discjoverer of the action of 
the Vaso-dilator muscles, 11. 
-t'xpi'rirnents of, in preserving actiuty in 
excised glands, 37(3. 

*-hypotlif.siri of, as to the heart, and other 
pains in Anjiina Pedoris, 11)4. 
-Kymograpliion, see Kymograpliion. 

— method of, for testing Drug action on 
Frogs’ llearis, 3(M'. 
-Rfspiration-piimp, of, 2(34. 

-work of, and of his pupils in connection 
■with our knowledge of the Cii*- 
Cidatiou, 8, 1) 

Ludwig and Coats, apparatus of, for re- 
search on the Vagus, 307, 
i7L,308. 

LungCs), (we ailed Respiration) j oxperi* 
jneulal introduction into, of 
Oases, 2(34-^G. 


Lung(.s)— co»L 
—secretion nad nutrition of 
— action on, of 

Nitric acid, 5G7, 569. 

Potash, 5(39. 

— surfiiee of, in relation to Cough, GI32-3. 
-Frogs’, 

— clfcct on, of sudden changes of temper.*, 
ture, ill., 333-4. 

-Toads’, 

— dilfor.mceof, from Frogs’, (Sharpey ) , 33:4 
Lungs and Heart, the two essontifl org n s 
to maintain Life, (Huxley), 37 1. 
Lymph in the Muscles, in relation to 
Fatigue, 531-(5, 


ArA.MMAJ3AN Heart, 

-expeidmeuls on the Action of Drugs 
on, 303. 

-Influence of TVniperaturc on ^lie Pt:Da- 
tioiis of, ;tnH on the Action of 
the Vagus, 205. ^ 

Mamma la, see also separate 7>ames. 
Artilicial Civcidation in, 31H. 

■Artiflciul lle.^piietion in, apparatus for. 

ill , 2<)2-3. ^ 

-Oencval Action on, of 
— (Ascu, 483 e( seq. 

• Condurango, 3!2. 

-Pisciform, and Ungulate, 

Larynx in, 02 i, (>30. 

Alan, Action on, of (^isea bark, in Angola 
ordeals, 481. 

- Ljvrynx in, (»30. * 

— KxpcriTnent.s on, (3.85, 639 -40. 

- - Ventricular bands in, (>40, <M2. 
Aliinomcter, the, various forms of (see also 

1 V y m o gj'a phi on ) , 2S< >-3 . 

Alai'ey, Prof., (Virdiograph of, and it? 
uses, 20.8. 

-on Elcetrieul Stimulation of the Frog’s 
heart, 574, 57(3, 577, (3 1 8, (;2i 
-law formnhited by, on factors of force of 
Pulse i fi Digit a H- poisoni ng, 49- 
do. do. of ratio of Pulse rate and 
i'lrlcrial tension, 46. 
-Pneumograph of, liow used, ill., 328. 
-Sphygmoseopo of, 283. 

Marey and Chauveau, inethod of, for re- 
recording Apex-beat varia- 
tions and Pulse curve, 9. 
Marmot, Laryn x in, 032. 

Alarshinallow- lozenges, probable n tion of, 
in relief of Cough, 553. 
HarsupiaUn, Laryngeal cavity in, 0;IS, 
(584-5. 

Atawage for Heart Disease, 20. 

-modern systems of, 21. ♦ 
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Massage (font ) 

-results of, ( runniclIiTt*), 21-2. 

— (J. K. Mitchell), 27. ■■ 

Meat, raw, first used as a reined v in 
Diaholes, 2.’». 

IVIcaflis, Inteniiil Audilorv, irritation of, 
in relation to (.•ougii, 5t»2. 
Medit;in(-j(s), (yee 'riieraiuMitic''), 

Action of, Kx]icriincMit;il Inves- 
ti>r»t on of, 22d, for detailed 
fitihdunds^ xee JOxperiiuontsil 
Iiivest'gsiti'.ni. 

-Probable usoof Casja in, 47H. 

Medulla oblongata, 

-Action on, of Ib'spiratorv Sedatives, 
565. 

-Influence of, on Abiso- motor and Ivespi- 
ratory movi-nu'nts, 5rjH -5(>0. 
-Nerve centres (partly) in, o lT 5.». 

(.'ardiac, (liuduig), 11, 

- Cougb, 562. 

!lespir;'*iPoi*y, (cluof seal, ol), 022 rl 

- Wmiitinr, 571. 

-NorvfB procoi'ding from, 

• --Vaso -motor, 12. 

- Position in, of tlie ('irdho* < entiv, 11. 
-■Venosit.y of iih>od in, eonscijneuees of, 

# 652-3. 

Mcdus. 1 *, olisorriitions on, of Ilonnues, 
ilL, 572. 

^Mental cniot, on a.s a. cause of dealb Irom 
Shock. 302. 

•••and Plivsif.'ul powto-, 
n siorative action on, of 
— Niix Vomica and Stryolinin in small i 
■f doses, 561. 

Mot bod, A Simple, of Demonslraiing the 
E fleet of Heat and Poi.^^ons 
noon the Heart of the 
Erog, 455. 

Meyer, Adolpli Ih-rnard, m.o., (joint- 
author), .vc^i Action of D.gstalis 
on the lllooti-WsscN. 

Meyer, B., on the oecudonal red colour of 
Venous IJiood, 405 note. 
Microbes, discoveietl by Pasteur, import- 
ance of bis work, 26. 

Alilk, diuretic action of, 21. 

Milue-Ed wards, Anatomical classification 
of Laryngeal A'liriatioiis ptv- 
posed by, 627 et sey. 

Milton, on tlie effect of the Emotions on 
Pacial Colour, 10. 

Minimum Fatal Hose, liow ascertained, 
251. 

Mitchell, Hr. AVeii*-, imassage system 
of,2L 

Mitral disease of tho Heart, antieipaH'd 
ji^e of Capcu in, 473. 

-Valves, see Tricuspid and jMitral do. 


6S1 

Modification 4by Cold, Heat, and tlie 
Action, of Drugs, of the KtTect; 
of Electrical iSM’mul/jtion of 
t^lo FrogJs Heart, {trilh. 1’heo- 
doro Cash, M.D.), 574, 57(5. • 

Monkeys, see Apes and Simians. 

Moiitciro, Mr., Casca Burk proriifld by, 
for wives! igalion, 463, 473, 431. 
Aloreau’s experimenl, ///., 662- 3. 

Morphine, see also Opium. 

-A'dion of, on, 

-Cough, in fiincfcua and Solution, 56.3 4. 

— Higedion, liow cjnnierb«]aL:ced, 567. 

- -Bespirntory centre, 566-7. 

Alorphiuc aiul starcii powder, mod6 of 

applyiiiginLaryi'^i^il Pldbisi^ 

“Motion firt it uere in a Circle,^ Harvey'.^ 
idea, and its developments, 3, 
ef set/. 

Motor ganglia or tlio Heart, ♦ 

-Action on, of 

- Sianiiiu.s’s experiment, .557 S. 
-Sl'yelnra, vficr abine, 559. 

- -Wunmh, after the above, 558 -559. 
-distribution of, 557-8. 

-lanv ealled into action, 314 5, SSO-fil). 
Motor nerves, 

-Action on. of, 

--iVisca, 466,522. 

--■Xilro-glycorine, 478. 

Moil'll, see Skin and jMoiitli, Tbirsi. 
Movements, relation lo, of tlio Laryi».t> 

Moxun JMeilal. avvjirdcd to Sir W, Jenner, 
J.89I., 2. 

M iicilagiuous substances, see Linetns. 
Mueiii, in relation to the chief constituent 
of tlie Nuclei of Blood Cor- 
j junsclcs, (Kuhne), 147. 

j -ri'sults of the author’s experiments cou- 
eerniiig, .152-3, 

]\r ueou.^ A1 rnibrnne. 

-Action on, of Spray and Tnbaltilion of 
Drugs, in relief of (lougbj# 
561. 

- Congest i m of, a caiue of Cough. 507. 
-Na-'al, action on, of Higitalis, 60. 

Mule, liMrynx of, Cuvier cited on, 6.'.»3, 
Miillor, Johuvii e«, on 

-closure of tho Crloiti.s,()2l, 

-independent Pulsiilion of the A'enn Cava 
and l^ulmonary veins, 530. 
Muller’s valve, and it'i n.ses, 263, i//., 265, 
Murrell, Hr,, proposer of the inse of N itro* 
gl yceriiie in place of Nitrite oti 
A.m\l, 480. 

Musearin, (Muscaria), action of, on the 
-Frog’s Heart. 311-3, 457. 

-Pulmonary capillaries, 668. 
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M«8Cle(8)j«ee aho Ifows tkpd Muscles. 
-Action on, of 
— Ca?cft, 462-3, 43G, f)2l-2. 

■— Eflecton • • 

^ — Lifting Power of, 521, 523. 

.IVtuscle-GurTes, 521, 523. 

Steructnre of Muscular Ji-isue, 520. ^ 

--Muscular weakness induced bj, 465. 

— !X itro-glyoerfiio, 477 . 

-Coritracting, sound emit. ted by, discovered 
by I)r. WolbiMion, 5. 

-of P^ogs, effect on, of joint action of 
Strytdinii and jXitrito of 
Amyl, 390-1. 

-reftition of, to the Heart, 15. 

-waste prqjltf-'ts acciimnlution of, the 
cause ofA^atigue, (Kronet^ker), 
633-4. 

—how removed, 534. 

Muscle Curves, fitfect on, of the action of 
^ 521, 5#2. 

Mueciiljr .<\ction in relation to BIockI 
Pressure, 15, 16. 

-Ciroulat ion, 

—three ways of increasing 
— (1) Rest in bed, with Massage, 20 2, 27. 
—(2) Graduated exorcises of Stationary 
Patient, (Schott), 20, 22, 27. ' 
—(8) Graduated exercises in walking 
^ and climbing, (Oertel), 20, 22, 

27. 

-Fibres, 

—of the Arterioles, independent con* 
tract! lit.y and the converse, of, ■ 
results. 12. 

— of the Heart, Purnlvsis of, 315. 

“Tissue, Structure of, Etl'ect on, of Casea, 
620,631. 

“transmission of Stimulus to the Heart, 
573. 

-vessels, dilatation of, on irritation of 
Peripherjljiierves, 14, 15. 
Mustard applications, in Pleurisy, relief 
given by, deductions from, 451. 
•Myosin, c^>agulajion of, the cause of 
Rigor Mortis, 376. 

Myxfledenia, use of Thyroid Gland Extract 
in, 25. 


i^ARCOTic?, Adminl^tra4 *nof,to Animals 
before Experimenting, 256. 
-Action of, 25S“9. 

-Mode of administering, 250-61, 

Ifusat Mucous Membrane, Physiological 
. Action on, of Digitalis, 60. 
“S’erves . . 

— as aflecting the Respiratory Centre, 
-^(< 7 ) normally, 324-6. 

•^{ 1 } when affected by inhalalipns, 827i 


Nauheim Treatment, (Schott), feature.^ 
of, 20. 

Ncrve-Oeiitres, On the Action of Nitrite 
of Amyl on tljc Circulation 
and on Active Dilatation ami 
Contraction of Arteftoles, 
iniependenlly of, 174. 

NeiTCP, f 

“Chorda Tympani, Depressor, Firth Cervi, 
cal, Motor, Nasal, Respiratury^ 
SsTiatic, Sensory, Supevipr Cer- 
vical Ganglia, Syinj&theti«*, 
V.agu3, Vaso di’ator, Vuso. 

inhibitory, Va.sO'niotor, see 
also Gangliji. 

-Division and Stinmlafon of, in Experi- 
lucuta on Animals, 261. 
-Inlluoncc on, of Drugs, reacting on 

13 ood-pressure, 274. 

-Controlling the Hcirt’s Action, (see also 
Heart, nervous system in), 434, 
— the principal one, ib. « 

-lunuencing Blood -pressure, 

" - 1 arJiac Ganglia, 274. » 

Jnliihitory Nerves, ib, 

— Quickening do., 275. 

— \’aso*inhibitorv do., 27 tJ. 

— Vaso-motor do., 275. • 

“fnllucncing R spiratory Centre, 32J-7, 
ilL, 325. 

— Cutaneous, 821-5. 

— Laryngeal, Superior and Inferior, 
321-6. 

- Nasal, 324 -7. 

—Pharyngeal, 327. 

— '^upra-Tnaxiilarv, 325. % 

- -Vagus, 321, 326. 

— jiioditictttion of their effect by Drugs, 

(а) inhaled, 327. 

(б) injcclod, ib. 

-Influencing Pulse, 

Cutaneous and Visceral, 15, 

“Intestiiuil, Paralysis of, (pr^sumabV) 
in Cholera, 353, Moreau’s 
experiment in relation to, ilL, 
3G2-3. 

-roripher.i], irritition of, causing dilata- 
tion oT MrisciiUr vessels, 14, 15. 
-regulating action of, on the diaincLer of 
vessels, 11. 

-secreting, a^f on of, on Sweat Glands, 645. 
-Vaso-motor of the Liver, course of, and 
connection with Diabetes, 424, 
»7/.,426. 

Nerves and Muscles, kept, alive by Artifi- 
cial Circulat on, 374-6. 
NeiTOtts Gentres, see Cerebral centre. Vaso- 
motor and Voluntary centres, 
-^for Cough, location of, 66i 
—’•for Vomiting, location of, *71. 
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llorvoiw {cont) 

-channels of StimuJns to Auricle and 
Ventricle, 673. 

-Systcin, Action on, of Nitro-glvcerine, 
474. 

—in (lie Heart, 

— Accelerating Ganglia, 314. 

— Inhibitory GarigU », 310. 

Action of Drugs on, 3i0-ll, 314, 

— Motor Ganglia, .vee that head. 

- -EhyBiplogif'al Act on of Digitalis on, fifi. 
Neural Jia, use of Nitrite of Amvl in, 
140. 

Newt, Blood-corjnisclcB of, as afTceted by 
Casca Dark, 493. 

Nicotine, (Nic«jtiii), 

-elloct of, on the Hlood in Artificial Cir- 
culation in Isolated Grgaiis, 
336. 

—on the Vagns, &c., 310 -11, 312, 314. 

— introduced into the Oircalation, (a causs 
#of cold ^iweat), 550. 

— when used before Muscaria, 312. 

Nicre, walirachoinUche Wirkung dcr Digi- 
talis anf deren Nerven, 411. 
Night-Sweating in Dhthi.sis, On the 
Pathology of, and the Mode of 
^Action of Strychnia and other 
Ecmedics in it, 545. 
-consequent exhaustion, 

— probable oonitnon cause of bol.li, 545. 
-P.itliology of, 560 -1. 

“Relief of, by Drng.s, 531, 

— liases illnstratiiig, 552 et seq. 

Nitric acid, actiini cf, on the 
-7/Sem‘tion in the Lungs, 567, 569. 

— Stomach, 567. 

Nitric Oxiilo, action of, on Internal 
Kespimtion, 616. 

Nitrite of Amyl, see also Salpetrig- 
sauren Amyloxyds. 

-action of, contrasted with that of Nitro- 
glycerine, 479-80. 

-in conjunction with Strychnia, effect of, 
on Frog’s Muscles, 390 1. 

“in Experim'nts on Pnlsc rate and 
Arterial Pressure, 1 16. 

-On the Action of, on the Circulation 
[and on Active Dilatdiou and 
Contraction of Arteriole^, in- 
dependently of Nerve- 
Centres], 174. 

— Action of, on the Circulation, 174. 

— -effects of, 

Diminished Blood rprcBSUre, 175, ISO. 

^ — rFlushing of the Human face, 174, 176. 
— —of the Babbits* ear, 176, 178. 
-"-Throbbing of the Carotids, 174. 

• — experiments on the reason of, diags.^ 


Nitrite of AmyJ, Ac., experiments (cotif,) 
— - on Dogs, 175, ;i76. 

-i n Frogs, 174. 

on Babble, 175 tt seq, 

Kcsults of, and deductions from, * 

cause of Dimi/jished Blood -pressure 

* ascertained, 180-4. • 

independeaice of Vaso-motor nerves 

and of varying jSlood -pressure, 
178. 

“On the Einplonnent of, in the Coll.>ipso 
of Ciirlor.*, [w'ith Experiments 
upon thi' Pulmonary Circula- 
tion], 359. ^ 

— Action of, on ’* 

, - Hlood, 372. % , 

I Circulation, 359. ^ 

j Vuliiiomiry Capilhirios, 369*73. 

I Systemic C.ipili}>ric8, 369 et seq. 

I — Question of form of Ad ministration, 372. 

I -On the Use of,*in AngiiiS!'i?^iTO:5>, 137, 
i _ 185. 

— Action of, 137. 

— case ill list rating use of, 185-190. 

remarks on, 

sy mptom.^, anrl loeation of pain, 190. 

treatment, 101. 

svphymoarapliic tracing, fac simile^ 

195. 

— eoinmentsand deductions, 189, 192-6. ^ 
“Discoverer and invest iijators of, 138. 
-methods of administering, 139-40. 

-other maladies to which it is applicable, 

110 . 

-•phyj^iologii al action of, 138-40. 

Nil I it e«, action of. on Ilremoglobin, 646-7. 
‘Otlier than Nitrite of Amyl, probably 
M 1 ISO u ! ur Poi sons, author’s 
resenrehea on, 391. 

Nitro-glycerine, the Phi biological Action 
of. Preliminary Notes on, {pith 
E. S. Tait), 474. 

“Action of, on 
— Animals, 

Cals, 475 » 

— -Frogs, 474 et seq. 

— Blood, and Blood-pressure, 479. 

- Brain, headache induced by, 478, 4S0. 

— Heart, 479. 

— Motor Nerves, 478. 

— Muscles, 477. 

— Nervous system, 474, 477. 

—Oxidation, 480. 

— Spinal Cord, 478, 

-Poisonous character of, 474. 

-Principal effects produced by, 476. 

Nobe(s) ou Indo] eodent Pulsation of the 
Pulmonary Veins and Vena 
Cava, {pith Si? J. Eayrer, 
M.J\, K.o.a.i.), 528. 
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>’ote(s)“-co»#. ^ 

'4*reliuuuarr, on the PliT8iologi^»al Aolion 
of Nitro'Glvceriiie, {toilh 
E. S.Tui^),47t..^ 

t-K^g4rding tlio Efloct of Electrical 
Stimulation of the Frog's 
Hoiirt, &c., 672. t 

Nuclei of Blood Cop^iiiisclcR, the, 0)i 
thi4 Olieudcai Ooiupo»iLion 
of, 147. . 

Nux \omiofi, 

-Action of, aa 

— as CttrdiHo Stiinnlaiit, 661. 

tlui Bospivatory Centre, benefits of, 
*. in combating Xight-swoats in 
Ejithij.is, 5.ji, r>5t>, eases iilus- 
*truting, .6i52 ci seq. 


Oxidation, 

-Action on, of 

— Casca Bark, 403-4. 

' -Drugs, 247. 

— Nitro-alycerine, 4S0. 

Oxide of Zinc ami ITyoscjamus, • 

‘ in relief of Nigbt Sweat in Phthisis, 664. 

Oxygen, inii'ilation of, in Oholcrf Collapse, 
results with, 360-1. 

Oxygen and O.irbonio acid, interchange 
of, constituting Interna' 
Kespirntion, 644, 

Oxygen-carrying power of iraernoolobin, 
6 14. eifects of diminution of. 
on Fatty Degeneration, 646. 

Oxygenation of the Blood, importunce 
of, 377. 

Ozonising ruacr of Blood, 6-49, 


ill Kvlation to 
relief of Fatigue, 632- 3, 636. 
Observations, Some, on tlie I'riiie, On 
Digitalis, w.th, 29, 77. 

(Edema, rationalo of tr. atment of, 20. 
Oerlcl method of ^.rreatiiiont for ilearl 
Disease, 2l', 22. 

(Esophagus, Dilataliou of its Cardiai^ 
extremity a cojicomiiaiit t.f 
# Yomitijig, 640. 

Oil of Almonds in esses of Woorara 
Toisoning, 831. 

Opium, Si^e aim Laudaruim and 
Morphia, 

-Action of, oil llu? 

— Ccrebrnni, 299 -300. 

— Cough, io, 66:J— 4. 

- l)ige.stion, 606. 

— -Uespi ration, 665. 

— ill relief of Voinii ing, 671, 

-US a Narcotic, 267-9 et passim. 

Opium and Srrychninc, 

-ill combination, in ndief of Night Sweat 
in Plitliisis, 664, 056. 

^Ordeal by Poison, West AfricH, plants 
used in, liow employed, 462, 
4(44-0, m. 

Organa Tsolaiod, 

-Aitificial Circulation tlirougb, (Ludwig 
and Mo^so), 336. 

' — (Uffovent kinds of Blood sent through, 
336. 

-other than Respiratory, affected by 
Cough, 506. 

Organism, see Animal Organlstn. 
Usciilalions in Blood Xh’essure, how 
caused, 273. 

()s»idcation A rU’ries, consequences 
■.■■of; 18-1 9.- ■■■.■■■■ 

OVer-oxortion, otf'cct of, on the Heart, 18. 


PAGiiT, Fir .Tames, on ('i'n{a'd:ion, 

ri3.>lriciio]i of the term, 438 
iiofe, 417 . 4 

Pain— 
of JUirri.<, 

rclicTcd by exj.ioMivc to Fire Inrat, 449. 

— probable reason of ridief, 4i9. 

“Death from, cassi* of Alice Bruce, 393. 
-duo to Distension of .any hollow mus' 
Cl liar organ, 16. 

-in Intlamniaiion, 

• clvnract t‘r of, 440. 

•• probable caui-es of, 440, 434. 

— wtvyy of relieving. 410-60, 461-~3, 454. 
— by Cold, 419, 461. % 

— by heat, 449 oi*, 464. 

-iiiteriml, 

' -relieved by external irritation, faets^ 
belli ing out, 461. 

-pinching, biting .lips, Ac., as a means 
of ]jrc venting Syncope, 4().S. 
Pain and Painful 1 mpres-siuns, (iriirht 
Ac.), Sliock indiUHJd bv, 399, 
400, 40S. 

Palpitation of the Jlcart in Exophtludniie 
(ioitre, 414. 

“Paralvsis of the Vagus, cause of, 421, 
422. 

I’anereas, lernients formed by, 2-1. 
Pji.ueene>is, Darwin’s theory of, 386. 
Paralysis — 

-of the Cardiac CrungUfi, 303. 

— part of the Ganglionic Apparidiu 
alfectod, 309, 315. 

-of C?D-ordinaiing Apparatus of the CJardiac 
Gangha, 316. 

-of tlip Heart, (ives Muscular Fib'^os i*>f ra)t 
111 e (muse of Deat h fr<nii 
(LiubreicU), 482, 483. 
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TavaVsis (conf.) 

tlie Jutestintil Norros, (presiimabl»>), in 
Choler:», 

. — boarinj; on, of Moreau's oxp(3riment, i//., 
302-3. 

-of tifb Muscular Fibres of Ifearl, 315. 

-of tlie Sympathetic, 303. 

-of the V^jjus, a caust* of Heart. Palpila- 
* tion, 421, 422. 

Parturilion, collapse or sliock after, 
probable cause's of, 400. 
-Digitalis successful in a case of, (Fotlicr- 
giM).40;>. 

PaiTv, first obaerTcr of F.xoplithalmie 
Ooitre, ill. 

--cited on cjiu-^ation of Angina Pec- 
toris, 10. 

Passive, or Venous Cougosliou, 430, ! 

453. \ I 

Pasteur and his discovorios in Bacteri- | 

ology, 20, j 

Patlujiogy^study of, in relation to Thera- | 
j)tuti(}s, 242 -3. I 

IVefciilfin Digifcali.?, 33. 

.Pcj>sine, fonnution of, 24. 

int PiKlnetion f»f, by Corvisart, 25, 
J’ep^iijogon, enquiries eoncorning, 21. 
PerfoiMtimfl in Stonincli or intestines, 
collapse or after, 400. 

.Pericarditis, lunion of Blistcr.s in, 452, 

454. 

iPhannaaologieul Uses of Artificial Cir- 
culation, 208. 

PliuP)uacoIogy, .Study of, 223, 

INiaryngeal Nervc.s, as ail'octiiig Respira- 
l- ' tion, 327, 

Phlebotoniv, see aUo Venesection. 

-relief of Pain by, 450-1, 454, drawbacks 
to, 450-1. 

Phosphorus, action of, on Internal Respi- 
ration and. Fatty Degenera- 
tion, 047. 

Phthisis, Rronebitis and, On the Actions 
and Use of Certain Remedio.s 
ciuployed in, 502. 

— Digitalis in (Crichton), .508-9. 

— ‘Night-Sweating in, On tho Pathology 
of, and the Mode of Action of 
Strychnia and other Remedies 
in it, 545. 

-Laryngeal, 

— Sedatives in relief of, mode of apply- 
ing, 564-5. 

IMiyostygnia, action of 
-on the Vagus ends, 302, and on the 
Inhibitory ganglia, 314. 
-antagonism of, and of Atropia, bearing 
of this on Therapeutics, 313. 
"-glycerine struct of, action of, on the 
Heart, 628. 


I Phy.siological potion of the Bark of 
: ICryihrophlnm Gn'inense 

(Cuscii, Cassa, or Sassy Bark), 
Inith Walter Pve, M.u.c.s.), 
45S, 481. “ i 

Physiological Action in relation ^ to 
• Ohemital Conatitutioi^ of 

Drujpj, 2 10. 

— of Condurango, 340. ♦> 

- -of Digitalis 

— on Animals, (Horses), 30 et seq.^ other 
anirnaLs, and man, 43. 

on Plants, 39. 

1)11 various organs in detail. 

- - Blood, 43. ,* 

HoweJs, 50. ^ 

- -(Jireulation, 44. . ^ 

Aiterial 'I'cnsi^n, .54, andttee 45. 

— Capillaries, 5.5, 

—Pulse, 46. 

- - I Hgest ion, 5f . ' ; 7 • -y.r^ 

lives, 67. 

Heart, 40. 

-Impulse of, 54. 

' Rliyiltni of, 53. 

Sounds of, 51. 

Nervous t^yslem, 00. 

Res-piniiion, 57. 

- Secretions. 

- Saliva, 50. s| 

- —Secretion of tlio Natsal Mucous 

Membrane, CO. 

- Sweat, 60. 

Teinporature of tlie Body, 65. 

-Urine, 60, fallen, 63 ami Appendix. 

- Iftorus, and Genital Organs, 68. 

- Mode of Action of, 68, 

Brunton^s theory, 72. 

Dybkowsky’s theory (and otlieri), 71. 

Traube’s theory, 60. 

— of Nitro-Glyecrine, PreUnnnary Notes 
on, {tvUh E. S. Tait), 474. 
Physiological Ghemifitry, ualicipation? 
from, 240. 

Phy.siology, ^ 

-Expfriniental, increase of knowledge in 
to whom due, 8. 

and the Prevention of Disease, 6. 

-study of, precedent to those of Pathology 
and Pliannaeoiogy, 224. 
Picrotoxine, Actio»i of, in relief of Night 
Sweats of PJitbisis, 555. 

Pig, Larynx in, 633-4. 

-Ventricular bands in, 635. 

Pilo-carpine, Action of, on Salivary and 
Sweat Glands, 647. 

Pinching of Web of Frog’s Foot, Con. 

gestion caused by, 445. 
Pinnigrada, Larynx in, 632. 

Pisciforin Mammals, Larynx in, 028- 
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Hanfagrada, Laryiil in, 63 J. 

Plants^ physiological Aciion of Digitalis 
on, 39. 

Pleura, in relation Cough, 502. 
fPkurisy, relief given in, by external 
irritants, deductions from, 

^ 451-461!. r 

Pneumograph, Maroy’.-*, piethod of em- 
picking, ULf 328. 

Pneumonia, 

—Blister applied to the Cliest in, acting as 
a Counter Irritant, 438, 454. 

— Inaction of Digitalis in, (Thomas), 211. 
— Quick breatin'ng in, probable causes 
of, 324, 326. 

-Catarrhal, . benefits of Cod-liver oil 
571. 

Poiseuille^ Il^cmadJ^iamoJiieter, 7. 

Poisons, see Cobra, Snake, and others 
under names, 

of, C 01 the Stomach 
producing Shock or Col- 
iapse, 400. 

-eiffeot on Prog’s Heart of Atropia and 
Musearia, 457. 

-Simple Method of Demonstrating the 
Effect of Heat and, mwn tlm 
Heart of the Frog, 455. 

Poisoning, 

jPrby Curare, (Herrmann), 472. 

■-•by Digitalis, 472. 

— T-Caae of, — recovery, 99. 

-various forms of, use of Artificial Respi- 
ration in, alone, 379-83, with 
Transfusion, 383-7. 

Position 

-for patients under Cldoroform, impor- 
tance of, 432-3, 437. 

—suffering from Pain of Inflanmia- 
tion, 449, 456, 

— from Syncope, 404, 407. 

Posture 

'■as affected by Climate or Season, 531. 

— by Faligue, 532, .535-6, 

-as affecting 

■ —Bodily Temperature, 631, 532 et seq. 
Potash, action of, on the Lungs, and their 
Secretion, 569. 

Power, Henry, m.b., p.r.c.s., (joint 
author), see Diuretic Action 
of Digitalis, and the same in 
German, 

Preliminary Notes on the Physiological 
Aciion of NitrO'Qlyoerine, 
(wiM E, S. Tnit), 474. 
Preserving Life, Oh the Use of Artificial | 
Respiration and Tjfansfiision | 
as a Means of^ 374. j 

Pressure, afforded W a sxiitahle seat, in i 
. relief of Fatigue^ 533, 636* 


Pressure of blood, see Blo^d Pressure. 
Preventing Death from Chloral, Effcvt ol 
Warmth in, 197. 

Pryor’s experiment in re-vitalising a 
Prog’s muscles, 375-6. 
Protoplasm, Aciion of Drugsf on, 
242. 

Protrusion of the Eyeballs, Exopli- 
thalmic Uoiti*?, 414, casus 
illustrating, 415 

-Probable oau-sos of, 4234, 425. 

Pseudo-Pulsation, see Pulsation *in t)io 
tTugiilar. 

Pulmonarj' Artery, 

— ^Embolism of, effect of, on Rospiration, 
330. 

— Action of Condurango, (an error 
noted), ih, 

rulnionary Capillaries, 

— Cbntractilo power of, Drugs affect^ 
ing, 568-9. 

— Contraction of, effect of, 0 ] 9 .^Re.‘»pira- 
tion, 331. 

— Action of Musearin in causing, ill,, 
332. 

— Influence of, on Drugs injected, 321. 
— Frogs, 

observation of the aciioi^pf Drugs 

on, (^7/.), 333. 

Pulmonary Circulation, the, Experimenls 
\ipon, Oa the Kmploymcnfc 
of Nitrite of Amyl in’ the 
Collapse of Cholera, witl^, 
359. * 

-Arrested in Cholera, 365 and note. 

- Causes and Consequences of, 366-8. % 

-Treatment indicated for, .368 el ssq. 

— Nitrite of Amyl for, 3(:9 pros and cons 
of, 370-3, diags., 371. 
Pulmonary Veins and Vena Cava, Note 
on Independent Puhation iti, 
{with Sir J. Puyrer, M.D., 
Z.O.S.I.), 528. 

-Dilatation of, (Harvey), 4. 
—Independent Pulsation of, (Haller and 
Senac), 5, 611. 

— E,xperimeiit8 illu.9lrating, 528-30. 

■ — Importauoe of the fact, 530. 

— imiter what circ urn stances observed, 
543. 

Pulsation, Independent, of tlie Pulmonary 
Veins and Vena Cava, (Haller 
and Senac), 6, Note on, (toith 
Sir J. Fayrer, K.c.S.l,)» 
628. 

—Jugular, 

--causes assigned to, 639^ 641. 
—^-inference usually made from, 639- 
—IJnilateral, observed by autbopj 639-41v 
— -cases illustrating, 640-1, 
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PuUatkniB, the, of the Mammalian Tfeart, 
Influonoe of 'I’emperal are on, 
and on the Action of the Vagus, 
205. 

Pulse, Animul, Action on, of 
-Atro;pia, {Bogs and ihibbits), 291, 
modes of regi.stt‘ring, 203 -4. 
-Casca, (Oats, Dogs and Frogs), when 
. injected, f»13-5. 

-Human, Action on, of 
—Digitalis, 

— Stir^ulation of the Cutaneous, visceral, 
and Muscular Serves, 15. 

— Temperature, 2* 5 el seq, 210-12. 
—Author’s, Sph.vgmographic Tracing of, 
129 seq. 

—in Cholera Collapse, 301, and after, 3o(h 
effect on, of Mil rite of Amyl 
and of Oxygen, 359- Gl. 
-—Graphic method of measuring, (Volk- 
man), 9. 

—Quick, a prominent symptom of Fever, 
» cause of, 455, 

—Quickening of, Causes of, 

— ^-Muftjulnr exertion, 15. 

— radial, as affected by Nitrite of Am>l, 
{Gamgeo and Kutlierford), 
174 . 

—when inluced by Atropia, 291-7. 

-alter Shock, 895, 401-2. 

- Slowing of, under the aclionof a Drug, 
how induced, 2117. 

Pulse Curve, the, as registered l)y Marey 
^ and Chanvoau, 9. 

Pulse-rate, in relation to Arterial pressure 
and the action of Digii alis aiid 
Nitrite of Amyl, 145, ll'o. 
Pulse-lracinas during use of Digitalis, 
(author’s owm), 129 et seq, 

•—in Poisoning by Digitalis, 99 et neq. 
Pupil, (Cat’s), Action on, of Casca, 519. 
Purgatives or Diaphoretics, action of, 2 k 
Putrefturtion, Action of Drugs on, 216. 
Pje, Walter, m.b.c.s., (joint-author), see 
Srytkron hlcum G ui me use. 


Quassia, action of, on the Stomach, 567. 
Quick Pulse, 

— induced by Atropia, causes of, 291-7. 
—a promineiit symptom of Fever, 465. 
Quickened llreathiug. 

—produced by Drugs. 

— Causes to which it may be due, and 
how tested, 

Excitement of Voluntary Nervous 

Centres, 329. 

‘—increased Temperature, t5. 
•‘'—^-Venosity of the Blood, 7^. 
^Irrit*tiD%of the Yflgi, 


Quickening Nerves, acting on tho Kearfc> 
as allected by Drugs, 275. 
Quinine, action of in 
-lessening Oxidation in Blood, 651. 

-relief of Ni<(lit .Sweiifs, (Murrell), 555. -g, 
“Stopping the Heart, 330. 

Radhits, see alio Hans ard Rabbits and 
Kaninchpn. 

-Action on, of AtroGia, in dilferent Doses, 
291. 

-Circnliitioii of, as affected by Nil rite of 
Amyl, Mo le of experimeiitu- 
tion and result^i, 175 it 

Seq. 

“Pulsation in, of Pulmonary" I'^tina and 
A'cna Cnvii^f 5tl "3, 

— do,, after death from Cobra Poison, 52 h 
-Kespimlion of, suspeuded on inhalation 
of stwiig sm ^IlijifT . vanours, 
155, 175, 3C0, 324-7, 40/; 434. 

-Vagus of, 

— Exppriuients on, in relation to effect 
of Ft vnr ’’.reinperutures, 211-3. 
— Mutop Action of, 217, and retention 
of liiliib.ro'y action, 219. 

Rabbit’s, 

-»r, 

— Best part for observing cJiango in size a 
of Vessel .s, 319. 

— Congestion and Flushing of, and the 
converse, 159, 176, 178, 517. 

— Protracled Hypertrophy caused by, 
410. 

-Heart, see Daudanuiu, and Mammalian 
Heart. 

“Skin, Zulzer’s experiments on, as to reflex 
movements due to skin irrita- 
tion, 451 2, 

Kiiles of the Lungs, in liealth and disease, 
use of Potash in the latter, 
569. 

Rattlesnake Poisoning, Artificial Respira- 
tion in, (Weir . Mitchell, 

BruntoD, and Fayrer), 3 '•1-2, * 

Red-water Bark, or Doom, in Sierra 

Leone and Ashanti Ordeals by 

Poison, k (feels of, 481 -2. 
Re-clupUcation of Heart-beat in Kleetrio 

Stimulation of Vtiitric’e,;J79, 
581, 582 et seq. 

Reflex Action, 35 3. 

-Effects on of 
— Conduniiigo, 345, 360. 

— Nitro-gL cmne, 478. 

-Imperfect, on tlio Heart, Dangers of, 
435,437* 

—Incurred by small doses of Chloro* 
form, 436-7. 
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-TKffecl) on, of Cascft, flctinir on tUe 

h^enaory Ncrre^, 523-5. 

Keilt'X movement 8 ^ 

#r induced by Irrifcat fon of tbo ekiii, 451» 

- -Zal zee's experiments on, 451-2. 

I^f factory period, in tlie ^ g. 
’-Cardiac Cycle, 57-^, 0^4 noie^ 5/3 
fey., 619 et mometifc of, 
5/6, duration of, 577, 

'-effect on, of 
— C^old, protracting, 577. 

— ifeat, diininiahing, ib, 

3itMn-I)eer/ Larynx in, 620. 
ifelaxat ion of the A fterioles, a cause of 
Heart Valpiration, 421, 422. 
llemedie^ iJerrain, employed in Bronclntis 
and Phllii.sis, on the Actions 
and Use of, 562. 

-Alnrn;571. 

-Ciisc.il illu, 567. 

-Oldoroforrn, 563-4, 5G0-7. 

Cod liver oil, 670-1. 

-Conium (yapom*), 5GJ, 
r- Digitalis, 568 0. 

-Expectorant!!!, 660-70. 

-dlyccrine, 566-7. 

-llydi'ocyanic add, 503-4, 50 j-7, 571, 
ft — A^Apour of, 561. 

-Ice, 571. 

- Inhalation, 564-5. 

“Tpecacnanhe, Spray, 564, 

, -Litictus, 563 et sen. 

-Morphia, 563-5, 560-7. 

-Muso^irine, 568. 

; -Xitric Acid, 567, 569. 

-Opium, 56.3-«lf, 665, 071. 

^Polasb, 569. 
t-Qiwssia, .566-7. 

-Solutionp, 564. 

- Vapour, 564, 

Kespiiution, .yea aho Artifioial I^spirsi’ 
tion ami Circulalioii and 
Respiration, 

-jil/'tion on, of 
—CWi Bark, 472, 498. 

-^Chloral, 197, 199. 

— PidtaliSi 137. 

OpiuiTit 663. 

-T-Xitrite of Amyl (inhaUtipn of), 87l> 

■ ■■.; 'STS:;'. .■ 

—US affecting Art^riaL^ 45-45. 

V; -TiCxternttl, '644, 6oL; - ' 

,--!H j 

■' •:-r~-A.Ccelprated,.'by.^lrugs, ^-^ 

; to whiejj it may b« diii^„tfpd 

- how- 

, Centre®,. 325;' 


' Resp’mtion, External, Ac. (ee«^^^ 

— Accelerated by prugs; 

-Causes to wliieli it may be due, 

---Inm’ettscKV Temperature, VA 
... — Increased Veiiosity of Blood, ri, 

- Irritation of tho Vagi, i3. ^ 

— Retarded by Brugs, 

—“Causes to which it may be due and 
1 k)w tested. ^ . 

-'Contraction of Palmonary Cnpil. 

K lanes, 331. ^ 

- ’K mibol Ism bf P idmonary A rt^ry, 330, 
— -Stopping of the Heart, 330. 
-internal, 

-Action on, of the Circulation, 645. 
--del) lied, 641. 

-Movements of, Registration of, 327. 
-Rapid, in Pneumonm, probable causes 
of, 324, .326. 

Respiration in Cells composing the 
I l ighcr Organisms, 644, 

"des Kaninerens, WirkuT.!^. dariinf, 
bci Elnathinui^ /stark 
ricchender Diimpfe, 155. 
Rivjurutioii of Rabbits, effect %'n, of 
inbaling sfcrorg smelling 
vapours, 355, 175, 306, 324-7, 
407, 434, 

Respiration in Unicellular Org^iiams, 043. 
Respiratory Centre, 

^Action on, of Bnigs, 326. 

•a.i iniialations, points to be observed 
in, 327. 

— injections, points to be observed 111,46. 

- -as sedatives, 566-7. 

-Action on, of Stryclinia, 323. 

— experiments to determine, 322-6. V 
— of tein|)eratuiv, 65-1:. 

- Healthy Action of, 

— in eliminating exco*s of Carbonic A citl 
from the Jllwd, and the 
iTver.ae, e.licct of the latter on 
Xight Sweats of Phthisis, 
.550-1. 

— iiuTcascd excitability of, to ebrnbat tlic 
above, induced by Stryehnia. 
and other Drugs, 551, Cases 
illustrating, 552 

r-Hpw formally called into .action, 660. 
-inituonco on, of Xeryes, 324-6, ill, 32ow 
■^Lpeation of, '322, 5477-9. 

^espUutory Morcunents, ^ 

-Activity of, how caused, 653. 

-tolnducod by. Stryc^^^^ after seiyeriiico 
of Slpinal Cord, 323, 559, 
Respiratory Aluscle®^ ... . 

of varibd^^^^ 0 

-4rof At^pm,;554> 655^6; 7 ■ • 
,™Cu;m*^>'3Qp.v ■ : ■■ 
-''^Ijypscyamusy'SSdi. ■ ^ 
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Hespiwtorjf PassaiB:e8, Vapours acting otv, 
in Relief of Goughs, 564. 

Sedatives, action of, on the 
Coiigli nerve centre, some 
drawbacks to, 665/ 

Besfc,^ 

-Ifacftrs necessary for complete, 633. 

-Positions most easeful in, in bed,< 
(Goodsir), 533, 

Retching, aspect of the Human Larynx 
y (Wiring, 624, do., of that of the 
^ e»4 /7^64i. 

Bheumatism, Blisters in, On Irritants 
and Counter-Irritant?, with 
Remarks^ on, 438, 

-Acute, Blist-ers useful for young patients, 
not so useful for old erlv, 452-3, 
454. 

Bhi noceros, Larynx in, 63 3. 

Rigidity of Arteries, (in a^e), eauung 
inability for prolonged exer- 
tion, 18-19. 

Rigor Mor^s, the cause of, 376. 

Koden^, see also Hares and Rabbits. 

-\’omif!ng in, di flic alt or impos.sjbie, 640. 

Roliitanaky, tjsperiments of, domonstrat- 
iiig the Respiratory Corn rc in 
the Spitial Cord, 323, 659 

Romanes, G-. J„ observations of, upon 
^ Medusas ///., 672. 

Rosenthal, on t)ic r(?asoii for dilfercnt 
Postures in dilfereut tempera- 
tures, 531, 

-^nd others), experiments of, on Arii- 
ticial Respiration in Strychnia 
Poiisoniug, 3S3. 

Rubbing, sec Sliarapooing. 

Jluckennuark, Wirkuiig (l(!3 salpetrig- 
Bauren Amyloxyds boi, <7/., .3, 
361, 162 ef svq. 

Ruminants, Larynx in, 629. 

-Vomiting in, dillicult or impossilile, 640. 


SAOCiuniNli sub.<<tane(?a, see Glutinous 
ami. , ' 

Saliva, {Becretion of. 

■Action on, of 
“-Atropine, 546, 

^Bclirtdoiina^ 647. 

-“•Calabar Bean, 646“7* 

^Digiltalia, 69. \ 

, “--PUocurpine, 647. 

-effects an, of irritating certain nerves, 656. 
Salivary Glands; action on, of Atropine, 

••• • ■ mi* ,/ •' , V 

Uel^r die 

'.WirkW6f'dee,V:^tif-d^ 

. ■ ' : ■ «trom;'l64. ■ ■ 

Ang^QW Bietons^weshalb gebr^^ 


-von Balard entdeckt, 154 
-Einfluss Unter der Versoluiessung der 
Aorta, 166, ^<* 7 . 

“Selbstandige bewegnngen der Arfeerien 
uuter, 150. * 

— ^Wirkiiufj auf, 

Blutdriioks, 155, 168. • 

Blatge.ti|.iss(?, 169. 

Carotideii, 154. ^ 

-r-t— Errothen <Vs mcnsclilichen GcsichU, 
154,159. 

Errotlicn des Kanichonohres, 459. 

-Geflisswand, 1()4. 

Gesiebt, IS-i. 

IftTsclilag Beschlounigter, 154. : * 

Klopfer der Cjirotiden, 15'^ 

— AV irk ling bei Rimkcnmark. 161, 

162 ef seq, ^ 

- — AVrsuchc daniber angcsteUt,7?<?'^. 166- 
109. ‘ ^ 

an Froschfb, 151. 

uu Ivuriinohcn, 154 ef> seq* 

Rrsultate und Sclilii^se. 

IJrsaclu^der Bnuikmiiiderung festge- 

stelU ; alU'iiuge VVirkung des 
Saipctrig..^aureti Amyloxyds 
auf die Blut^i filsse j Keinc . 
uiiinittolbare Wirkung auf das 
ilerz, 16bl98 9. 

— -A^iTsuehsprotocol, 109 ef st^q, ^ 

?;ttud ill the Eyo, how it acts,, if soon 
removed, and if allowed to 
lodge, 444. 

Sanderson, Hr. Burdon, and Expcrhneutal 
Plivsiology, 8. 

Santos, on Casca- Bark, 481-3, 

-on its action on Animals, 483. < 

ScbifP’s (‘xperiments in. Artiiicial Respira- 
tion, 378-9. 

Schott’s method of MTcatracnt for Heart 
I)isc;tso, 20, 22. 

Sciatic nerves, effect of irritation of, in 
producing Sweat, (Goltz), 549. 
Science of Jfiasy Chairs, On the, 531. 

Seal, Larynx, in, 632. : y; 

Secreting Nerves, Action of, on Sweat : 
Glands, 616. 

-Action on, of Drugs, 546-7. 

Secretions, Physiological Aotion of : 
Digitalis on, 59. 

Seeds, yeiwt, and moulds as affected by 
. Ci^a, , 458^ 463. 

Sidschenow’d registering iliemadjiiometer,, 

. 'ijiisa^.bf,5A/ .//■■" ^ 

Senae, on the Gairdiao Cycle, 5, and on the 

Senile Ganj^e^ of, and 

preceding, (Brodieji 

-incapacity fop »u4den oVersfork, 18, 19. / 

Vv'2 
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Sonsilive phase, /in the Cardiac; Oyele, 
576-7. 

Sensory Nerves, ' 

-Action on, of Oasca, Effect on, of Keflex 
_ excitabilitj', 623-5. 

-Irritation of, double effect of, (Ludwig), 
443, 451. 

-Feri]^iieral ends of, Action on, of sedative' 
driws in Linct.ua in relief of 
Cough, 563-4. 

-the Fifth, iidfiicnce of, on tho Heart’s 
action, 434. 

Sliampooing or rubbing of the Legs, when 
Fatigued, proper direction of, 
633, 635, 536. 

' Sliarpey, Prof., debt to, of .Taincs Blake, 7, 
'■rothers influenced by liirn, 8. 
Sheep, Larynx of, Experiments on, 635, 
^^636-7. 

Shock and S,vncope, On the Pathology and 
Treat Til cut of, 392. 

SljockJ»‘«* 

-as a cause of Death under Chlorofonii, 
428. 

— ^two formnS of, 430, 433. 

-ditto, of Aniiiuils under the ^jime, 338. 

- Caufios of, 898-9, the chief, ^M)7. 

-"■Burns, 400. 

— Injuries to 

. —Abdominal Viscera and Genitals, 30 1, 

397, 898, 400. 

— Bones, (Orusliing and Amputation), 

398, 

^•■Mental Euiotion**, 399. 

- Pain and Painful Iiuprcsaioiis, 398-9, 

400, 

-Death from, Asilev Coo])er’.s instance 
cited j 393-4. 

-Definition of (Savory). 401-2. 

-Pathology of, 392, ‘ifKl 
-Ke-action from, 307. 

‘ -Symptoras of, 393-4, 400. 

Pulse weak, arterial ten.sioii low, 400. 

— Skin coldness, 4(X4, -it >2. 

- -Surface pallor, ik 
■ — Two forms of 

— Erethismic, 396. 

—^Torpid, 394. 

-Two factors in, ns seen in the Frog, »7/., 
402. 

-Treatment for, by 
—Digitalis, 409. 

—Heat, 408. / 

— Stiniulation, ik 

Sierra Leone, Ordeal by Casen or Ked- 
water Bark in, 4S1-2. 

Sitnk, see Xvei and Howling Ape or 

: ; :M<mkey.;.. ; 

Larynx of, 634. 
v]^idid!a,-Laryh^^ 


Simple Instrument, On a, for Exanuninir 
the Compotcncy of the 
Tricuspid and Mitral Valves, 
637. 

-construction and employment of. 537-8. 

Simple Method, A, of Dcmonstrathi^ the 
Etfeci of Heat and Poisou-s 
upon the Heart of the Frog, 
456. 

-apparatus used, 455, ilL, 4p6, ^ 

Sinitzin, experiments of, on we effects of 
copious Blood-Ssipply Or:?repair, 
444. 

Sitting or squatting postures in different 
countries, 531. 

Skin, 

-Action of Irritants on, in producing » 
iiiovorneiit, 451, 454. 

-in Fever, compared with skin after 
exercise, 546. 

-Functions of, uctual and probable, 4. 

-Pallor and Coldness of, after Shock, 394, 
396, 398,409, 402.^^ 

Skin and Mout li, as affected by Beff^donnii, 
647. 

Bioth, Lary nx in, 629-30. 

-Ventricular bauds in, 035, 642. 

Smelling Salts, {see aho Ammonia), acMon 
of, on tlic Arterioles, 407. 

Snake Poisons, effeids of, when sw tllowrd, 

. 386. 

Snake Poisoning. Artificial Kespiration in, 
381-2, in conjunct ion willi 
Transfusion, 385-6. » 

Sneezing induced by powdered Casca 
Bark, 498. 

Snow, Dr., on Deaths under Chloroform, 
427. ^ 

Solipedes, 

-Larynx' in, 633, 

— Ventricular bands absent in, 635. 

-Vomiting in, dilfioult or imjTossible, 640. 

Solutions, Action of Drugs in, on Cough, 
564. 

Sound, {see aho Cardiac do.), given out bv 
Contracting 4 Muscles, dU- 
covcied by Wollaston, 6. 

Spinisll liquorice, probable action of, in 
relief of Cough, 563. 

Spasmodic Asthma, see Asthma. 

Spliygmograph, tho, the use of, 321-2. 

SplTygmographic Tracings, author’s Pulse 
129 et seq. 

-in the case of Poisoning by Digu 
talis, 99. 

Sphygtnoscope, Marey’s, 283. 

Spinal OOrd • 

-Action oil, of 

— Casch, 466, 

— ^Nitro-glycerine, 478 . ^ 
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Spinal Cord {cont.) 

-VBcct of division of, in experiments with 
Nitrite of Amyl on Kabbils, 
diags. 181. 

—severance of, at Occiput, effocl. oF, on 
— ^J^aso-motor rellex, tiud Rosuiratory 
movemoiits, 559, 500, 

//'.VO 323, 

how' nornnilJy called into action, 500. 

- N^/ve censes partly in, 547- 50, 

-in r^jation^ the Respiratory Oentre. 

Spray and Inhalalion, 

-.Action of Drugs in, in relief of Cough, 
561-5, 

arfcing,** capacity for, in relation to 
Age, 18. " 

Squill, see Ipcoacuanliii and 
Standard, The, of Health, 220. 

-{for suh^headf!, see under J^xperimental 
Investigation). 

Stannius’s Experiment, On tiic Explana> 
y*^fioa of, and on the Action 
of Strychnia on llu? Hc.irt, 
{ivifh Theodore Cash, Ai.D.], 
557. 

Stasis in the Capillavios, following a|>pli* 
cation of Causth; to web of 
^ Erog’s foot, 445. 

-thooncs to account for, (Cohiiheim ami 
others), 417. 

— ^thttt of the Webers, 44.8 -0, 454. 
gteuo’s exporimont on the vital im« 
portance of the Cinailation, 
370. 

Stimulation, see al-so Tilcclrical do. 

-of the Accelerating Nerves or Ganglia of 
the Heart, 314, 315, a cuiiso of 
ral])itatiorj, 421, 

-of the Cardiac Ganglia, clTt'ct of, on the 
Ihilflc, 294, 

- of the Sympathetic, direct, effect of, on j 

the Jhilso, 294. 

Stomach, Action on, of Casca, 459, 403, 
464-5, 495. 

-Congestion of,* as inducing vomiting, 
571. 

- Drugs acting on as tonics, 567. 

Stomach and Bladder distention, pain 

caused by, 16. 

Stopcock, the author’s, ilL^ 265. 

Stoppage of the Heart, 

-a consequence of impaired Cardiac 
Nutrition, 19. 

- effect of, on Respiration, 380, action of 

Quijnnc in inducing, ib, 
vSiraugling, Asphyxia/ 

Structuros through which Drugs alTect 
Heart and Vcsi^ch, Deter- 
miuaiioii of the exact, 290. 


Strychnine, the Actioft of, on the Ileai't, 

^ On the explanation of Stan- 
iiius’s experiment and on, 
{trith IHioodore Cash, M.i).), 
557. 

-the Mode of Action of, and of other 
Rcmodio.«, On the Putlulogy of 
^.Night-SwTiiting in Phthisis* 
and, 545. .1 

aclioTi of, 

— as Cardiac Stimulant, 561. 

— causes of its symptoms, proved by 
Magendie, 7. 

— on the Erog’s Iferirt, 575, 596, 614 eC 
seg.t 622-3. . 

-—Effect of .Electrical ^ti»nulation 
on the Strychnia- injected 
Heart. * 

-Auricular, 

-Maximal, 598, 616. 

- Minimal, (59»8. o*^. ... 

Ventricular, 

- "Maximal, 597. 

--^linimal, 596-7, and on the 
Venous Sinus, 6L7. 

' Maximal, 6()U. 

Minimal, 599. 

oil the Respiratory (h.mtres, 323, 326. 
bcnoQtsof, in combating Night-Sweats 
ill Phtliisis, 551. ,i 

- - ( ase« illustrating, 552 rl seq, 

— cases indicating use of, 556, 

— drawbacks of, remedied by combining 
vvith Opium, 554. 

— ciTect of injection of, i»n tlic sumo, and 
on t he Va.so-motor emit res, 
utter severamn? of Spinal 
Cord, 548-9, 559, see also 323, 
.326. 

— on t he Kespiratoi'y Muscles, 3(X). 
-Tetauising action of, 339. . 

StryL*hiiiiio Poisoning, Artificial Respira* 
lion in, (Ro^fentbal and others), 
383. 

Strycliuine and Nitrite of Amyl, joiTitj 
o.ffect of, on I’rogs* Muscles, 
390-1. 

Submuxillury gland, dilatation of, (Bes- 
tuird), .15. 

-secretion of saliva by, 

— elTccta on, of irritation of the Chorda 
Tyrapani nerve, 546. 

— of the same, after giving Atropine, U, 
Sudden exertion in Heart disease, as a 
cause of Cough, 667. 

Sugar, in Digitalis, 36. 

Superior-eervical ganglion, 

-effects of evulsion of, (Sinitzin), 444. 
Supra maxillary Nerves, as affecting 
Respiration, 326. 
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Snpra-Tcual capnAcs, extract of, Thera- ' 
poutiu U8t!d of, 25. 

Svcat 

~Cuii«osof,.545. 

by 

— Increased Blood Temperature, (Lucli- 
tv sin^jer), 550, 555. 

t —-Increased Ciirbonic Acid in tlie Blood, 
(Luiillhi tiger), 550/555. 

„ — Nicotine ii.ti'odiiced into lltr- Circulu' 
lion, (l.uobi»in^er), 550, 

— riiysieab Kxereise, state of the skin i 
mid sweat glands during, I 
r)t5-6. . j 

' a-Nerro centres for, position of, 647, 1 
51050. 

-Physiological Actiop of Digitalis on, 60. 
Sweat glapds, ActiolJ of, 

-as affected by 
— AlPopine, 546. 

— • 

— Calabar Beau, 546-7* 

— Pilocarpine, 517. 

-how induced, 545. 

Sweat Nerves, Action on, of Alropinc, 5o4, 
555. 

Swift-running animals, Larynx in, sea 
Pigs. 

Syme, Prof., reasons given by, for success 
( in the use of Chhnoform, 427. 

Sympathetic Nerve, 

-Pariilysi.s of, 303. 

-Stimulation of, in relation to the Pulse, 

201 . 

Syncope, Slio<rk and, On (lie pHtliology 
and Treatment of, 302. 

■GauscB of, 

— chief (Bpunlon), ‘106~7. 

—impaired Cai’diac Nufrition, 19. 

-Death from, case of Alice Bruce, 303. 

-an bid method of iuducing, 4.03. 
-Pathology of, 403. 

Symptoms of, 393. 

- -Peeblo Pulse, 395, 397, 400. 

, - -Low Arterial Tension, ib. 

- rreatnient for, by 

- Cold Air and Water, 407. 

-Prone Position, 404, 407. 

--Smelling Salts, ih, 

'^^ringe, see Hypodermic Syringe. 

Systemic Capillaries, (see aUo Pnlmou- 
ary), Action on, of Nitrite of 
Ainyl, 360 

SyatoUc eomad^ the, how produced, 6. 

T'ttraBS, to make, 256. 

Tables of Pulse and Respiration during 
administration of Digitalis, 
106-20. 


Tables of Urine, Ac., while taking 
Digitalis, 82, 98. • 

Tadema, Sir L, Alma, Postures shown by, 
m pictures of the Seasons, 
531, 632. > 

Tail, E, S., joint^anthor, see iiitro. 
Glycerine. , 

Tsinnie Acid in Di«it!»lis 3^1. 

Tarlur Eincthv: effect of. ou the Bespira- 
tory Nervous Cei^ro, 651^ 
feeth, One of the CauBe.s of-Deatlylnring 
Kxtraetiou of, vmdcrTihloro. 
form, 427. 

Tem])eratuvc, 

- Action on, of Cascu, 461, 472. 

-Increased, ns po.ssible cause of Quickened 

Breathing, 329. 

-effect of, on tUo Respiratory Nervous 
Centro, 654. ; ■ 

-Influence of, on the Pulsations i^|Mani'’ 
malian Heart, and oh Hio 
Action of the Vagus, 205. 
-sudden alloniations of, cffv%fcj^of, on 
Progs’ Liingi, 333. » 

Temperature of the . 

-Blood, incroasG of, a cause of Sweat, 

.. 550,655. 

Body,"^ 

- “how maintained, 531-3. 

— loss of, after taking (.‘hloral, lOf^expcvi- 
meuis cotjcernicg, ib, et saf, 
(tables), deductions for treat' 
inent, 108-9. 

— Physiologicil Action of Digilaiis on, 
1)5, 84. 

Testicular extract, Therapeutic use of, by 
BrowmiSequiird, 25. ^ 

Tests for Hemoglobin pi'csuniably altered 
by udion of Drugs, 047 e6 -yC'/. 
Tetanus, suggested use of Nitrite of Amyl 
in, (Richardson), 140. 
-treatment of, by 
— .\nti- toxin, 21. 

— Nitrite of Amyl, 140. 

.Thebaia Poisoning, Artificial Breathing in, 
(Uspensky), 383. 

Therupentic Action of lligitalis in 
-Ague, 75. 

-Anasarca and kindred inaltidios, 76. 
-Delirium TVemens, ib. 

-Epilepsy and some phases of Insanity, tb, 
-Jlieinorrhagcs, 74. 

-Inllammatory fevers, ib. *• 

-Nervous Affections, 75. 

-Pneumonia and other Lung Afteo- 
tioDB, ih. 

-Rheumatismi 74, 75. 

-Typhoid fever, 76. 

-Weak hearts, a warni^ concern* 
ing, 77 . 
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Treatment of Heart BIsAise {cowt.) 

-Softportance of the fact of aiitagcnistie -methods incrciisin;? Musctdar Circu- 
iictioii of certain Drugs, 313. lation (vonQ 

-8Io^v advance of, 30. — (3) Graduated exercises in Walking and 

Thirst in Qliolera collapse, 360, probable ClinibingT((Ertel), 20, 22. < 

# cause of, 364. -indicated for Heart Palpitation, in the 

Thiry’s instrament for Aniiicial Respira- ^ •Aiuemic, 422. • 

Hon of Gase.s 264. -for Preventincr Death from ChloruL 


Thorax, (ftee alifi/ intradjioracic Pressure), 
g futfttion of, in relation to (.Tosuiv 
^ t^the Glottis, 624, 634, 642. 
Thyroid 01an<^ 

-enlargement of, in Exopbthahnie Goitve, | 
'414, cases ill ii strati ng, 415 &/ i 
seq,, probable causes of, 423. | 

-juice of, I 

-destructive of Anthrax poison, (Wool- 
dridge), 27, 

■^in I^i^osdeniu, 25. 

injec(<‘d into the Jlioocl, 25. 
Tienn-i^ioiaon, Mee W^ooiMra.. 

Tiger, ^Larynx in, 631. 

-• Vontrioj^^ bands in, 635. 

Toads’iffuugs, diirerenco of, from Frogs’, 
(Sharpey), 333. 

Tobacco, cold sweat pwdiiced by, in young 
smokers, 550. 

-Smoko of, ** 

-eftect of, when nasally inlinlcjl by a 
^ Rabbit, (Krats<’bmer), 327. 
Tongue, root of, and faucos, in relation to 
Cough, 563. 

Torture, Death from Syncope induced by, | 
^ (.uise of Ali(‘t5 ilrucc‘, 3i)3. j 

Trachea, (jfectr /.so Iiilra-t rachcal Prw.surc), | 
in ivliitioii to Cough, 562. i 
Transfusion of Blooil,.evelved from Wren’s 
experiments, 7. 

-On the use of Artificial Respiration and, 
as a Moans of Preserving Life, 
374. 

-in conjunction with Artificial Respira- 
tion, 383-7. 

— in Cliarcoiil Poisoning, 383-4, 386, 

— .Snake Bite, 385-6. 

— -Strychnine and other Poisoning, 384, 
386. 

•objections to, disposed of, ovStJ -7. 

Traube’s theory of the mode of Action of 
Digitalis, til). 

Treatment of Heart Disease, rationale of 
various modes of, 20 at saq. 

-aims of 

— increase of Heai‘t Power, 20, 27. 
-^-desseued resistance to ovorcjoino, ih. 
-methods of increasing Muscular Circu- 
lation, 

^(l) Best in bed with Massage, 20-2, 27. 
—(2) Gra^^ted exercises of stationary 
^tient (Schott), 20, 22, 37. 


Warmth. g 

-of Shock and Syncope, On the Pathology 
and,^h)2. 

Tricuspid and Mitral Valves, the, the 
Competency of. On a Simple 
Instrument for Examining, 637. 

Tripod, the, of Life, 377. . 

-Huxley cited on, 374. 

Ui.CKU, Callous^, Blisters npplird to, acting 
as an Irritant, 438, 453, 454. 

Undulatory thei#y of UglifJ^givrf^i's, 4. 

Ungulate Ahimmuls, Larynx in, 630. 

Urine, as alTctded by Dii-Ofttion, 23. 

-effect on, of moderale doses of Casca 
Bark, 460, 471-2. 

-On Digitalis, witli. i-omc Ob.scrvations, 
oil, 21). 

— Con.stitueiit.s, Amount of, 78. 

•r — jVmount of each Excroterl, 79. 

— Kolative Proportions of, ?7;, ^ 

— Observations on, 77. 

— Dietary Table employed, 81. 

— Specific gi'avity of, 8»). 

Physiological Action of Digit alls on, 60, 
taOleSy 61, 64, 82 ct seq, 

-.-(MTction, in Dogs, 

— Action on, of 

— .-Casca, 502, 518, 510, diag.^ 618. 

Coincident variations of, and of Blood 

under influence of Casca, 505, 
d/ag, 518, ta/dex, 503- 4. 

DigitaTm, 412. 

— in lior.ses, action on, of Digitalis, 42-3. 

Use, see Actiojia and Use. 

Uspensky’s experiments on Artificial < 
Breathing in Strychnia, 
Brueia, Thebaia, and Oaflfelne 
Poisoning, 383. 

Uterus, Action ou, of, 

-C:iaca, -161, -i72. 

-Digit.alis, 168, 


VAaoTOMY, symptoms induced after, by 
Casca Bark, 497. 

Vagus c>> 

-^Action of, on the 

-^Hcart, regulating and retarding, 10, 11, 
434,436. 
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Vagns (i)^co7il^ 

-Action of, on the 
— Eespiratory Centro, 

(tf) noi'ipally, 3-1, 33^. 

' (i) when ulTooted by injections, 327, 

' -the Action of, Intluenco of Temperature 
on the Tul sat iouB vf the Mam- 
malian Heart and on, 205, se^ 
also 11. 

- Action on, or* ■ 

— Ati-opine, 205-7. 

— Casca, 168. 

— Maximum Irritation, 607 -0, 

— Minimum do., (peripheral cnd>i), 
609*10. 

— irritation of the Ifil'ili Nervi*, 434, ; 
^reilcx action of, in stopping the 
11 cart’i^ctio n , 4 3 1 5. 

-ConiplA Functions of, 2015 -7. 

-Fibres in, two sets of, ali'ecting Eeapira- 
321-6. 

— effect . of, on the Pulse, 298. 

o» on affected by Brags, &c., 
208-302. 

—as possible cinisc of QuichciK'd Breath- | 
ing, 329. I 

-Paralysi.s of , ^ I 

— a cause of Palpitation, 421, 422. | 

-effects on the Pulse, 205. ^ ^ j 

— portion of, affected by Alropia, 295-7. j 
-Respiratory branches of, in relation to | 
—Cough, 662. I 

- -Vomiting, 571. 

V*agus, the Frog’s, effVrt on, of Uc.d, 
and of Elcctricify conjoined, 
(Schelske), 207. | 

Vagus, the Rabbit’s, experiments on, in 
relation to effect of Fever 
Temperatures, 211-3. 

-Motor Action of, 217, and ndention of 
Inliibitory action, 219. 
Vagus-roots, Action on, of Casea, 
Minimiim Excitabilitv of, 
51013. 

A''aleric acid, (Bigitalissic acid), 36. ‘j 

Vulves of the Heart, see Trio usjdd and j 
jMitral Valves. ! 

Valvular Act ion, The, of the I.urynx, {with j 
Tlioodoi^e Otish, 624, 1 

-Bibliograpliy, 612, ! 

Valvular disease of the Heart, bearing | 
on, of tlie contraction, of tlie | 
Puhnonary Veins ana Vena [ 
Cava, 630. | 

Vapour, action of Drugs in, op Cough, 66 1. 1 
Vanatlon^^ m BlooiBPressure, Causes 

■;. : 6 fvm . , \ - ■ I 

YftsO-dilaibr S’ervos, nctiou of, bn tliC; j 
■ -v ' :- :Art0iMei9, 11.^^' ■■ \ 


Vaso-Inhibitory and Taso-Motbr Ni&rves, 
as affected by Drugs, 275, 27C. 
Vaso-motor Centres, 

-action on, of Gasca, 615-6, 

-as related to the disease in Bennett’s 
case of Angina Pectoris^lOO. *1 
-construeli )n of, 121, 443. 

- how usually eiilled into action, 560. 
-position of, 141, 517-9. 

-reilex movements, of - 

— ro-indiiced, after severaWo of l>pin.ai 
cord, by Strycl^iia, 512(9, 559. 
Yasoonotor Ganglia or Nerves, • 
Peripheral, as Jiff‘ecte:l by 0:isea Bark, 
469-70. 

Taso-inotor nerves, 

-action of, on the Blood V^essols, 441. 

-in rehition to 

'•- dilatation of Vessels, 11, 441. 

— diminished Blood-pressure induced by 
Nitrite of Amyl, experiments 
concerning, diacfs., 178. 

—vessels of the Tnte.stines 13. 

-of the Liver, cour.«e of, 

Alaclofl’), 424, i/1,, '125. 

— in rehition to l)iaHeti‘s, 424, 425. 

V iisumotorU(d \ e N e rven , wah rsc I u*i n 1 i c 1 1 e 
Wirkung dor Digitalis auf 
denselben, 411. 

Venesection, in Phthisis, 74, Vo.-?., 

• in Angina, 138^-9. 

Veins, also OapUhiries, «Tugidur, Pul- 
monary a7id A^ena Cava. . 
-action on, of Drugs, iu*ed uf furPber 
knowledge on, 544, 

- affected by Congli, 566. 

- Contraelility in, 512. 

— uses of, 5-13. 

-Contraction, local, of, 541. 

A^cna Cava, 

“Dilutation of, (Harvey), 4. 

- Independenfc Pulsation in (Haller, and 

ISenac), 5, tBriinton atid 
Fayror) ; 538-30, 541, 

-Place of, in the ciroulatory systojn, 
(Senac), 4, 5. 

Venosity of 

- Blood, what it consists in, 652. ' 
-Increased, as possible cause of Quickened 

Breathiug, 329. 

—Causes of the above, 

— -Prevention of Air from reaching Blood, 
330. 

— —of Blood from reaching Air, 330. 

—how thia last may be effected by 
•'-^Ocmtraction of the Pulmonary 
■ : Capillarioa, 381. 

— -T-PSttboliani of the Pulmonary Artery* 
-aSO, ■ ■■■ . ■; v.-..' . 

—-Stoppage of the llear|f®30^ 





Tentiis Blood, 

-Action of, on Sweat Centre, 651. 
-Occasional briglitcned colour of, 404, 

— Meyer’s view, 406 ^ note. 

Venous, or Passive Congestion, 430, 453. 
Vono^s Sinus, 

- Action of Drugs on, 311. 

-IC fleet on, of 

— •E\ectrical Stimulation, f)17. 

(<^ in nj^mal condition, 573, 576. 

-ftaxin®, 577. 587-8. 

’VKSiimaI, :^77, 586 -7. 

under the influence of Cold, r»75, 
589, dm/tft. 608-9. 

Maximal, 593. 

-- — Minimal, 591. 

— (c) under tJic influence of Heat, 

Maximal. 595. 

Minimal, ib. 

(d) under the influence of Strychnia, 

Maximal, 6(X). 

Minimal, 599. 

-Function -cribed to, 309-10. 
-Stim^j^ion of, in relation t o the 
—Kefractorv period of (he Cjmliac Cycle, 
574. 

Venous Sinus of the Frog\s IIe»rt, 

— Function of, in regard to contractions 
thereof, &c., 560, 561. 

— Stanii us’s experiment on, described and 
explained, 557 et seq. 

Venous Syfitem, Dibit uion of, by Shock, 
431-2. . 

VSJfl'richss, V'cTitricular, see also Klectricjd 
Stimulation of tho Frog’s 
Heart, and Inlnhitory 
Influence. 

Action of Digitalis on, 315, 

“JCffect on, of 

- Electricul Stimulatio 1 1 , 

— (rt) in. normal conditions, 573, 576. 

— —Maximal, 577, 581 - 4 , 

—Minimal, 577, 578- 81 . 

(^>) under the influence of Cold, 

Maximal, 690. 

Minimal, 589. 

— (c) undta* tho .inlhunjce of Heat, 

Maxiinal, 594. 

— Minimal, 593. 

—-(cf) under tJic influence of Strychnia, 

Maximal, 697-8. 

—-^Minimal, 696. 

-Function ascrilxxl to, 309-10. 

-Pulsation of, 528-30, 641-2. 

Ventriclo, Auricle, and Venous Sinus, 
*Moremeuto of, under Ar tifleiaP Stimula- 
tion, how studied, 677. 
7r&pp^atu9 employed y 677, 678. 
Yentricles oi Morgagni, in rolation to 
^^sure of the Glottis. 626-7. 
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Ventricular and Auri^'nlv Contractions, 
-effect on of Stimulation to Ventriclo 
^Auricle, A’:o., researches or, 573 
Ventricular bands of the Larynx, 
-Auiinnls in which abiP^ntaiidpreseut, 634*6 
-function cf, in 

^ — Closure rjf the Glottis, 391, 642.^ 
'*Veratriue, 

-Action of, on * 

— Accelerating upparatus^of tlie Heart 
314-f). 

— rnhibilory ganglia of the Heart, 314. 

~ Viig usi-roots, 298 - 9. 

-beneficial in Exoplfl-lmlmic Goitre, *124. 
Vessels, sec Blood Vcp.sils. 

Vibriones, Action of Dmgs on, 244. 

Viper, Poison of, Fontana’s *11periinenl{ 
on, 381, 3J^-r>. 

Visceral Jferres, effect of Stintfllation of. 

on tfie Pulse, 15. 

“Vital spirit?,” 12. 

Vibtl and ChciuiCnl Energy; IsSit-ti., 

Voeal cord?, .9CC «/.s-o False ffo, S 
-true nature of, (Wy Hie), 527. 

- want t»f, cause of dirticuKy in Vojiuiirg 
641,642. 

Vocalieatiori in the Cut tribe, mechanism 
01,632. 

Vol untary niovenients, 

-Cerehrai Ccnt-rc for, (Ferricr), 14. 
-Voluntary Nervous Centres, 

• — excitement of, as po.sBiblo cause of 
j Quickened Breathing, 329. 

I -Vomiting, associated with Cough, Dnig? 

1 aJIoi.'ting, 57. 

i -causes of, 6 HI 2. 

i -in difl’erciit Animals, relation to, of tlie 
development of the Falsj 
Vocal Cords, ilL, 640-2. 

-effect of, 641. 

-Nerve centre for, location of, 571. 
Vomiting and Purging, 

-induced by Caaca Bai*k, 458, 459, 463-5. 


' w •SHAPKi) Easy Chairs, special advan- 
tages of, 533, 536. 

Walking on the flat c,»r up-hill, in relation to 
lleai't-disteiit ion, (Ludwig), 17. 

Walslic, Dr., definition by, of Angina 
Poeioris, 191. 

Walji, volatile principlea obtained by, 
from Digitalis, 36-7. 

Warm, 

-and Cold Blood, Circulation of, in Inve.?- 
tlgatioris, 267. 

-food as an Expectorant, 670. 

-rooms and crowded assoniblies, dilata- 
tion of tho Arterioles (and of 
tho surface veins) in, 404, 405, 
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Warmth, 

-Effect of, 

—on Cftroiae Acfivity, 658, 55i^. 

— in i'rovenling Peath from Chloral, 197. 
r,*— 'how best appliedf 198-9, see aUo 294. 

. —on the Pulse, hypothesis aa^to the 
quickened Pulse .iiu Fever, 
(Bwigo and Liebermeister^ 
Kxpeiirnentg concerning. 205 
ef Ve(/., Cyon’s, on the Prog^s 
Jieart externalized, 205 seq[., 
Panum’e, on Babbits* heurts, 
207, the author’s on the- latter, 
iqhUs, 208 et pimrtieal 
, conclusions, 210 -^ 12 . 

Waste products of Muscle, after exertion, 
-Effects 0 % in indudn g 
— Fatigue (Kronec^r), 533-4. 

• “SleepiiS^ss (Preyer), 53 1. 

Water, elimination of, in the Treatment 
of^lleart disease, 20. 

WatersdiiV^iperience ori and experiments 
on, Woorara, 370, 385. 

Webers, the, di-JCOTCiTi fl of tlio Action of 
tlie Vagtts, 10. ' 

-theory of, to account for Stasis in 
Inttiimmatioiij 418-0.* 

W'cjp* Mitchell, see Mitchell. Weir- 
Wirkung, Diuretische, dev Digitalis, {mif 
II. Poorer, M.B.), 410, 

-de^ Salpetrig-sauron Auiyioxyds .'uif den 
Blutstrom, 154. 

Wolf, (Oanis lupus). Larynx in, 030. 
-ycntricular bands in, 035. 


Wolff, eiYed on 3»e Larynx in Camd%an 
Felid», 630-1. ^ 

WoUaston, Dr., discoverer of .the soni^ 
* emitted by Controctipj 
Muscles, 6.. 

Wood, Dr. Alexander, introduction fay, < 
the Hypodermic Syring^7, 
Woorava Poisoning, Avt.ilUial Kcapiratio 
in, 379-81, 384, 

-Phyeiologioal Action of, 380, 3S4-6.* 
Wren, Sir Christopher, to eliplo, 
Drugs by Injec{^on, 0, #. 
Wyllie, Dr., cited on, # 

-Closure of the Glottis, 625-7. 
-Kxjienmcnts of 025, confirmed by thoiB< 
of present writers, 627, 042. 
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